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A Report to the Society by the President 


ROBERT E. DOHERTY 


Things move fast now! A report becomes out of date while it is being pub- 
lished. However, I shall report on the principal problems facing engineering 
education as they appear on April 15, 1944, and on what the Society is doing 
about them. Topics included are the A.S.T.P., Selective Service deferments, 
education for returning veterans, universal military service, Surplus Property 
as a possible source of apparatus for engineering colleges, training of foreign 
students in engineering, and the work of the Committee on Engineering Educa- 
tion After the War. 

The recent drastic actions of A.S.T.D. and Selective Service spring from the 
same cause. As indicated in my report last month, the remnants of young man- 
power are now insufficient to meet the imperative demands of the armed forces 
for troops and at the same time the needs of civilian activities. The armed 
forces come first. During the time that the War Department was making up its 
mind that it needed the A.S.T.P. trainees much more as troops than it needed 
them as engineers in training, educational agencies, including S.P.E.E., could do 
little about it. Likewise, there was little that these agencies or those associated 
with the War Manpower Commission could do when for the same basic reason 
Selective Service determined that, since it could no longer defer young engineers 
in industry except in extraordinary cases of irreplaceability, there was no longer 
abasis for deferments of engineering students in college. Hence most of the 
AS.T.P. trainees were sent to troops, and according to a recent announcement of 
Selective Service, civilian deferments of engineering students will presently end. 

However unfortunate, it is yet true that representations to the War Depart- 
ment, or even to Selective Service, that students should be kept in college on any 
grounds whatever excepting military needs must be futile. And the Army de- 
lermines its own needs for engineers, as it does also for doctors. A representa- 
tion, for instance, that engineering students should be deferred or A.S.T.P. con- 
tinued in order to keep the colleges going, or for other reasons of civilian welfare, | 
isnot, if my understanding is correct, even listened to by the Army or Selective 
Service; and the suggestion by educators that students should be deferred be- 
cause war industries need them, is answered by the reasonable question “Why 
doesn’t industry represent its own needs?” It has seemed clearly inevitable for 
many months that as the young manpower pool became more and more depleted, 
ptoposals that engineering students be deferred would be accorded less and less 
attention by Selective Service unless war industries themselves demanded it ; and 
that war industries would not demand it until they were genuinely pinched for 
tigineers and new engineering graduates. At that point, discovering their in- 
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ability to produce the requisite war materials for the Army, these industries 
would be in position to talk convincingly to the Army. Then the latter would 
have to decide which it wanted, the men or the materials. 

That point was first reached in the aircraft industry. In the last few months 
it has been approached in other industries, notably rubber and other chemical, 
and in certain branches of electrical. And for this reason, and not because pro- 
fessional or education groups concerned urged it, provision is being made, as 
recently announced in the press, to defer a very limited number of young engi- 
neers in war industries—i.e., in certain specific war plants where such engineers 
are determined by appropriate agencies to be irreplaceable. But the number of 
these deferments will be reduced to the utmost. It would thus appear that the 
much-debated question whether plans should be based on a long war or a short 
war has been settled in favor of the latter, and the War Department and Selec. 
tive Service have apparently decided that there is now no reason for deferring 
engineering students as a replacement pool for this small industrial group of 
deferred engineers. 

Although the activities of the officers of the Society and the Committee on 
A.S.T.P. have had little, if any, influence on the fundamental decisions referred 
to above that have drastically reduced enrollments, they have given continued 
attention to the possible effects of this decision. One serious question occurred 
which, it seemed, should be raised with the War Department. It was this: if un 
predictable developments brought the decision practically to liquidate A.S.T.P. 
just at the time when, after long and expensive effort, it was approaching full 
development, is it not possible that new unpredictable developments in the future 
might bring a decision to resume A.S.T.P? If so, resumption from scratch 
with faculties dispersed and programs closed would present tremendous difficul- 
ties. It simply could not be done overnight. Wishing to be sure that the War 
Department understand this fact, the Committee on A.S.T.P. approved my 
sending an appropriate letter to the Secretary of War, and this has been done. 

Other A.S.T.P. matters to which attention has been given are those which 
have related to plans for establishing and carrying on the Program. We have 
had the most cordial and, within its purview, effective codperation with A.S.TD. 
Incidentally, it will be recalled that the A.S.T.D. does not make policy decisions; 
it carries out such as are made by higher authority in the Army. We have 
worked with Colonel Beukema, Director of A.S.T.D.; Dr. A. L. Rubin, Chief 
of Curricula and Standards Branch; and Lt. Colonel Pumphrey, Chief, Engt 
neering Section, Curricula and Standards Branch. Secretary Bishop and I have 
been in Washington frequently, and the S.P.E.E. Committee on A.S.T.P. has 
met from time to time. Occasionally Colonel Pumphrey has attended the meet 


ings, and recently Dr. Rubin spent a day in Pittsburgh to review problems. 
One item of the Program on which the Committee did a great deal of wot 
became dead history before it could be put into effect. It was the complete te 
vision of the course outlines of the Basic Phase, looking to more definite statt 
ment of objectives, improved sequence, and a reduction in prescribed subjet 
matter. . However, just as these outlines were completed and the copy to kt 
published in the S.P.E.E. Journal was sent to the printer, the Army discontinue 
the Basic Phase. 
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Similar studies were also made of the course outlines for the Advanced 
Phase. It has not yet been quite discontinued ! 

Although the Army, I understand, has determined that it now has practically 
all the engineers it needs, some 3,000 advanced students are still retained. Al- 
though there certainly is no assurance, so far as I can determine, that these too 
will not be sent to troops, it is yet at least conceivable that in view of the situation 
outlined in the letter to the Secretary of War the group may be somewhat in- 
creased so as to form a standby unit. 

In any case, Colonel Pumphrey and his associates have studied plans for 
maintaining the Advanced Phase as now authorized. He has sought the counsel 


‘of the Committee regarding these plans, and a meeting was held in Pittsburgh 


on April 7. The specific plans that were endorsed by the Committee have not 
yet been approved by the War Department and are therefore not fully outlined 
here. They relate to sources of new trainees for the Advanced Phase to replace 
those who complete the work, and to procedures. One suggestion that came out 
of the meeting was promptly sent in a telegram to the deans of engineering 
colleges. It was that the transcript to be handed to the deferred civilian student 
when he is inducted should bear his dean’s estimate of what A.S.T.P. Term he 
is qualified to enter, in case he is sent to the Advanced Phase Program after his 
basic military training. If the Army gives this estimate the weight it deserves, 
alarge part of the selection problem, so far as these students are concerned, will 
have been solved. 

The Reserve Program is another urgent, current problem. Reserve trainees 
are not soldiers, are not in the Army. If they are in the Program it is because 
they chose to be, and they are under no legal obligation to remain. As such they 
are a special short-term group, and a special program of courses is being planned 
for them. 

The number of Reserves may be significantly increased. It appears now that 
by next July the number may be upwards of 25,000. There are, however, so 
many uncertainties involved that my guess on this score is not to be regarded as 
anything more than a guess. One of the unknown factors is the question 
whether students who are eligible will elect to join the Reserves. In any case, 
the probabilities of a significant increase are high enough to warrant the prepara- 
tion of plans by A.S.T.D. 

Such plans are being made. I recently attended two meetings in Washington 
in this connection. One of them reviewed the practical problems that would be 
involved in a large increase in the enrollment of Reserves. For instance, a 
reduction in the requirements for eligibility. Up to now the eligibility require- 
ments for the A.S.T.R.P. have been the same as for the A.S.T.P. In order 
to make it possible to admit a larger number of trainees, it is planned to include 
some whose educational preparation has been less extensive. This provision of 
course poses some practical educational problems. Then there is the question of 
length of training period, since none will be eligible whose age is less than 17 
years, nor more than 17 years and 9 months. The solutions to these and other 
problems considered at the meeting will be’ made known if and when they are 
approved by the War Department. The second meeting had to do with the 
planning of course outlines. Most of the participants in this case were subject- 
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matter expects who undertook to construct, under the supervision of Lt. Colonel 
Miner of the A.S.T.D., course outlines within the framework of the general plan 
formulated by the first meeting mentioned above. I realize how inadequate 
my report is regarding these meetings, so far as details and conclusions are con- 
cerned, but it will be realized, I am sure, why a full report cannot be made before 
the plans are approved. My main purpose is to indicate that your officers and 
the Committee on A.S.T.P. are fully aware of what is going on in A.S.T.D. and, 
for good or ill, are participating in the deliberations. 

Another major problem is the plan for the education of veterans. This mat- 
ter was reviewed by the Council at the Chicago meeting last October, and a 
resolution was adopted favoring an administrative plan patterned after that of 
the E.S.M.W.T. This resolution was passed on to the Committee on the Rela- 
tionships of Higher Education to the Federal Government (the Day Committee) 
which was giving consideration to the problem. Also, it ‘was urged upon General 
Osborn’s committee appointed by the President to make recommendations re- 
garding an educational plan for returning veterans. Subsequent to the Presi- 
dent’s message to Congress presenting a plan based on the report of General 
Osborn’s committee, a number of bills have been introduced. Of these the so- 
called “Omnibus Bill” S-1767 has taken first place. It has been passed by the 
Senate, and a bill in precisely the same form (HR-4357) has been introduced in 
the House. It seems quite certain that it will presently become law. It would 
place all matters, including the educational plan, under the control of the Ad 
ministrator of Veterans’ Affairs. The importance of the provisions of this bill 
to engineering education is very great, and I would strongly recommend that 
members of the Society, especially those who have administrative responsibilities, 
study the bill. The problem is one which Dean MacQuigg’s committee of the 
Administrative Division is giving attention. 

The question of universal military service has been under consideration in 
Washington, and definite proposals (HR-1806 and HR-3947) have recently 
been formulated in Congress. If provisions for such service are finally enacted, 
as seems likely, new problems will face engineering education. As indicated in 
’ the bulletin of the American Council on Education, dated March 30, 1944, the 
Day Committee has recommended that the final formulation of law be post 
poned until after the war. The S.P.E.E. Committee on Engineering Education 
After the War has given study to this question as it relates to the programs of 
engineering education, and the officers of the Society are following develop 
ments in the matter. 

The possibility of obtaining apparatus for engineering colleges from the 
Committee on Government Surplus Property was discussed by the Council last 
October, and a committee under the chairmanship of Dean MacQuigg was ap 
pointed at that time to pursue the possibility. He has recently indicated that 
his committee is in active contact with the Director of the Committee on Gor 
ernment Surplus Property in an effort to determine a way in which the engineer 
ing colleges can most effectively deai with this matter. 

Still another problem looms now. It grows out of the plan sponsored by the 
federal government to provide training for young engineers from foreign cout 
tries, especially from devastated areas. A meeting was held in Philadelphia some 
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weeks ago under the auspices of the Hazen Foundation at which the plan in very 
general form was reviewed. The Society was represented by Dean Disque 
whose interesting report has been referred to Dean MacQuigg, Chairman of the 
Administrative Division. The plan is being formulated by the Foreign Economic 
Administration, which has already drafted definite programs for certain special- 
ized engineering courses at a few industrial centers. The programs will be for 
college graduates principally from foreign colleges, although the plan may also 
include some graduates of the United States colleges. The length of the pro- 
grams is eighteen months, and the time will be spent partly in college, partly in 
industry, the purpose being to shorten the time traditionally required between 


‘graduation and the point where the young engineers can assume professional 


responsibility. Although I cannot report as to the final magnitude of this 
project, my understanding is that it may reach substantial proportions. In any 
case, it is another problem to which the Administrative Division is giving atten- 
tion. 

Finally, I wish to report the most gratifying progress which Dean Ham- 
mond’s Committee on Engineering Education After the War has made in its 
very difficult assignment. According to present plans, the report, which has 
gone through four revisions during the process of study by the Committee and 
review by many persons outside the Committee membership, will appear in the 
May issue of the Journal. I should like to venture the opinion that this report 
will prove to be one of the most important contributions to education ever 
published. 

May I conclude with the suggestion that every member of the Society who 
can possibly do so attend the Cincinnati Convention on June 22-25. The theme 
of the convention is “Engineering Education After the War.” One general 
session will be devoted to the report of Dean Hammond’s committee, and there 
will be other aspects of post-war problems discussed in the conferences. An- 
other session will be devoted to a matter closely related to engineering education 
in the post-war period ; namely, a report regarding the Measurement and Guid- 
ance Project in Engineering Education, sponsored jointly by the S.P.E.E., 
E.C.P.D., and the Carnegie Foundation. So I hope there will be a full attend- 
ance at the Convention. 
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Analytic Geometry 


By FRED E. AYER 
Dean, College of Engineering and Commerce, University of Akron 


This article is based upon thirty- 
tight years of cumulative, mathemati- 
cal ignorance, and, unless those hard- 
shelled mathematical Baptists, who 
believe that nothing short of total im- 
mersion will suffice for scientific con- 
version, write me the abuse which I 
deserve, I shall be grievously disap- 
pointed. 

My experience leads to these two 
conclusions : 

1. The majority of mathematicians 
regard mathematics as a science. 

2. The majority of engineers regard 

mathematics as a tool. 
Therefore, the engineer is not inter- 
ested in mathematics except as he can 
use it in the furthering of his profes- 
sional objectives. 

Assuming that the student—or the 
¢gineer—has an adequate working 
knowledge of algebra, trigonometry, 
and descriptive geometry; would he 
ever use the methods of analytical ge- 
ometry to find: 


The distance between two points. 

Area of a triangle or polygon. 

Division of a line into a given ratio of 
parts. 

Slope of a line. 

Angle between two lines. 

Bisector of the angle between two lines. 

Equation of a line through a given point 
with a given slope. 

Equation of a line through two given 
points. 

Line through the point of intersection of 
two given lines. 
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Distance from a point to a circle along a 
tangent. 

Rotation of axes in order to remove the 
“xy” term. 

Or to recognize and plot rose-leaved 
curves, limagons, strophoids, witches, 
and other Halloween goblins. 


The following is a quotation from a 
very good text in Analytic Geometry: 


“Work the following exercises without 
finding the point of intersection of the 
given lines.” 


Then follow exercises which would 
take the average student one to two 
hours to work. We spend four years 
trying to teach a student that “the en- 
gineer is one who can do for one dol- 
lar what any darned fool can do for 
two;” that he must be continually on 
the lookout for easier and better ways 
of doing his work, and then along 
comes a text-book which directs him to 
do a job the hard way just for the hell 
of it. 

Now on the constructive side, most 
teachers will agree that analytic ge- 
ometry does have value as a visualiza- 
tion of algebraic equations. Then why 
not teach that part of the subject which 
has little or no utilitarian value along 
with, and as a part of algebra. Such 
procedure would allow more time for 
solid analytics which has applications 
in calculus and mechanics. And, per- 
haps, time to teach how to formulate 
an equation to fit a given collection of 
data. 

Correspondence invited. 
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How Well is the E.S.M.W.T. Program Serving 
War Production Training Needs? 


By ROY W. BIXLER 


Educational Statistician, Engineering, Science, and Management War Training Program, 
U. S. Office of Education 


GENERAL PURPOSE OF THE STUDY 


The Engineering, Science, and Man- 
agement War Training Program is 
sponsored by the Federal Government 
for the definite purpose of meeting a 
vital need in training personnel to 
relieve specific shortages in war indus- 
tries and the armed forces—for im- 
mediate service in specialized fields. 
There are strong indications, especially 
in many letters from employers, that 
the participating institutions are doing 
a splendid job of determining train- 
ing needs and operating appropriate 
courses. While there is strong justifi- 
cation of confidence in the efficacy of 
the program in this respect, members 
of the staff in Washington are con- 
stantly seeking verifying evidences. 
Such was the motivation of this study. 


SPECIFIC OBJECTIVES 


The study had two closely related 
objectives: (1) to determine how well 
the Program is succeeding in placing 
training activity in the localities where 
war production is going forward, and 
(2) to determine how sensitive and 
responsive the program is to the con- 
dition of the labor market. It was as- 
sumed, first, that war production 
creates a need for technically trained 
personnel in the localities where it is 
going forward, and, second, that labor 
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shortage creates a similar demand in 
the shortage areas. The effectiveness 
of the Program in responding to these 
demands should be a significant indica 
tion of how well it is serving war pro 
duction training needs—the question 
set up as the title of this paper. 


Sources oF Data AND METHOD 


Two kinds of data were available: 
(1) statistics on the volume of war 
production by states, as reported by the 
War Production Board, and (2) im 
formation on the adequacy of labor 
supply, by labor market areas, as re 
ported by the War Manpower Com 
mission. The problem, in the use d 
the first was to determine the correla 
tion between the volume of training 
activity and the volume of war pre 
duction, because if the Program & 
functioning as it should these two 
variables should be positively cor 
related to a significant degree. In the 
case of the second, the problem was #0 
discover to what extent training a 
tivity is being concentrated in areas d 
labor shortage. 

The rank correlation procedure wa 
used in the part of the analysis basél 
on statistics of war production. Et 
rollment was used as the index @ 
volume of training activity and ti 
dollar value of war supply contract 
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awarded, as the index of volume of 
war production. The states were 
ranked on these indices and the corre- 
lation of the ranks obtained. 

In the part of the analysis based on 
adequacy of labor supply, it was neces- 
sary to devise a measure of concentra- 
tion of training activity. The ratio of 
enrollments per hundred thousand 
population was selected as the most 


practical index. This index is referred 


to in the study as the enrollment-popu- 
lation ratio. 

The War Manpower Commission 
dassifies the areas in which there are 
actual or anticipated problems of labor 
supply in four groups defined as fol- 
lows : 


Group I. Areas of acute labor 
shortage 
Group II. Areas of labor strin- 


gency and those an- 
ticipating a shortage 
within six months 


Group III. Areas in which a 
slight labor surplus 
will remain after six 
months 
Areas in which a sub- 


Group IV. 

; stantial labor surplus 
will remain after six 
months 


In setting up these groups, the War 
Manpower Commission has defined 
four degrees of adequacy of ldbor sup- 
ply, ranging from critical shortage in 
Group I to remote shortage in Group 
IV. Included in the four groups are 
all of the labor market areas in which 
there is a city of 2,500 population or 
more, or in which there is a special 
problem of labor supply. By this 
definition all areas not included in the 
four groups are free from problems of 
labor supply. These areas were com- 
bined in the study as a fifth group in 
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which it is assumed that problems of 
labor supply are even more remote 
than in Group IV. 

The labor market information was 
taken from a War Manpower Com- 
mission report of November 1, 1943, 
entitled Adequacy of Labor Supply in 
Important Labor Market Areas. The 
enrollments «used in the enrollment- 
population ratio were those in courses 
active a month later, on November 30. 
The active enrollment of this date was 
judged to be in the proper time rela- 
tionship to the labor market informa- 
tion. 


FINDINGS 
Training and War Production 


The correlations are first indicated 
roughly by comparing percentage dis- 
tributions of enrollments in five cate- 
gories of states, based on the volume of 
war supply contracts awarded to in- 
dustries within them. For example, it 
was found that the states which had 
89.6 per cent of the war supply con- 
tracts in the three fiscal years, 1941, 
1942, and 1943, corresponding with 
E.D.T., E.S.M.D.T., and E.S.M.W.T.- 
I, had 81.0 per cent of the enrollment in 
the three programs. Also, the states 
that had 88.3 per cent of the war supply 
contracts in 1943 had 75.9 per cent of 
the enrollments in E.S.M.W.T.-I. 

The war supply contract figures were 
available for aircraft and shipbuilding 
separately, which together make up 
nearly 50 per cent of the total. This 
made it possible to relate enrollments 
in courses designed for these industries 
to war production in the industries. 
The states that had 86.8 per cent of 
the aircraft war production were found 
to have 75.6 per cent of the enrollments 
in courses designed for aircraft work- 
ers. And the states that had 70.3 per 
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cent of the shipbuilding were found to 
have 57.3 per cent of the courses for 
shipbuilding workers. 

All of the coefficients of correlation 


obtained (ranging from .62 to .89) are 


positive and large enough to be re- 
garded as highly significant. In Table I 


TABLE I 


CORRELATIONS BETWEEN THE: RANKS OF THE 
STATES IN VOLUME OF ENROLLMENT 
AND VOLUME OF SuPPLY CONTRACTS 


Coeffi- 
Program and Year 
tion 
DT. (1940-1941) .80 054 


E. 

E.S.M.D.T. (1941-1942) Re | .074 
E.S.M.W.T. (1942-1943) 86 .039 
All Programs (1940-1943) .89 .031 


are the correlation data for the three 
programs separately and combined. 
In Table II similar data are shown for 
aircraft and shipbuilding (1942-1943, 
program) in which the correlations 


TABLE II 


CORRELATIONS BETWEEN THE RANKS OF THE 
STATES IN VOLUME OF ENROLLMENT IN 
Two Types oF CoURSES AND VOLUME 
oF SupPPLY CONTRACTS IN CORRE- 
SPONDING WAR PRODUCTION 


Coeffi- 
cient of | Standard 
Correla-| Error 
tion 


T of Course and 
of Contracts 


Aeronautical Engineering 
Courses and Aircraft Con- 


tracts 82 .049 
Marine Engineering and 

Naval Architecture 

Courses and Ship-build- 

ing Contracts 82 .092 


were obtained from the ranks of the 
states in volume of war supply con- 
tracts in the industry and enrollments 


in related courses. 


In Fig, 1 the relative ranks of the 
states, based on 1941-1943 figures 
(three programs combined), are shown 
graphically. This diagram represents 
a correlation of .89 as indicated in 
Table I. In several states the corre. 
spondence between the two ranks are 
out of line with the situation as a 
whole, as indicated by the coefficient of 
.89. Probably most of these variations 
could be explained in terms of adjust- 
ments to peculiar situations, adjust- 
ments which are a credit to the par- 
ticipating institutions in the states and 
detract in no way from the effective. 
ness of the program. Some of the 
states, for example, in which there are 
rather large war production programs, 
such as Kansas, Texas, and Alabama, 
are agricultural states. In these states 
the supply of technically trained per- 
sonnel was very inadequate at the 
beginning of the war, so large train- 
ing programs were necessary. The 
opposite situation is presented by 
Michigan which has been highly in- 
dustrialized for many years. In her 
peace-time industries there was a large 
pool of technically trained personnel 
available immediately for war produc 
tion. Consequently, her training needs 
were relatively small. Some states are 
training for industries in other states. 
Colorado, for example, is doing a com 
siderable amount of training for Calt- 
fornia and Washington. The Pennsyl- 
vania program also feeds into adjacent 
states. The District of Columbia 
which has the greatest difference in the 
ranks, is of minor importance indus 
trially, but contains many Government 
agencies with technical staffs for which 
a considerable volume of training has 
been required. 

These illustrations tend to document 
an inference that where there is poor 
correspondence between volume of 
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training activity and volume of war 
production there are good and under- 
standable reasons which place the 
discrepancies on the credit side of the 


ledger as far as the efficiency of the - 


Program is concerned. 

It is worthy of note that approxi- 
mately 90.0 per cent of the war pro- 
duction and 80.0 per cent of the en- 
rollments have been concentrated in the 
first seventeen states in the order of 
their ranks in war supply contracts. 
Only two of these states (Washington 
and Minnesota) fall below the rank of 
17 in enrollment, and only one (Ala- 
bama) ranking below 17 in contracts 
takes a higher rank in enrollments. 
The concentration of war production in 
these seventeen states is doubtless in- 
fluenced by the availability of pro- 
duction facilities and labor. The con- 
centration of training in the states of 
heaviest war production is to be ex- 


Enrollment per 100,000 Population 


100 
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pected if the Program is sensitive and 
responsive to the training needs created 
by war production. 


Training and the Labor Market 


Concentration of training activity in 
labor shortage areas is definitely indi- 
cated. The findings are summarized in 
Figs. 2 and 3, where the bars indicate 
the enrollment-population ratios (en- 
rollments per hundred thousand popw- 
lation). These two diagrams tell simi- 
lar stories. In Fig. 2 the ratios are 
presented for each of the four groups 
of labor market areas as defined by the 
War Manpower Commission and a 
fifth group made up of all other areas, 
which is actually a group of areas in 
which there are no problems of labor 
supply. In Fig. 3, Groups III and IV 
are combined with this fifth group and 
characterized as “areas of surplus labor 
supply” which they are by definition. 
250 300 


150 200 


Group IIT 


Group IV 


Fic. 2. Enrollments per 100,000 population in War Manpower Commission’s four groups 
of labor market areas and all other areas 
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Fnrollment per 100,000 Population 
100 190. 200 250 300 


Areas of Critical 
Labor Shortage 
(Group I) 


277 


Areas of Imminent 
labor Shortage 
(Group IT) 


170 


Areas of Surplus 
Labor Supply 
(All Other Groups) 


49 


Fic. 3. Enrollments per 100,000 population in War Manpower Commission’s four groups 
of labor market areas and all other areas 


These diagrams indicate an unques- 
tioable concentration of training ac- 
tivity in areas of labor shortage. Com- 
pare the 277 enrollments per hundred 
thousand population in areas of critical 
labor shortage with 28 per hundred 
thousand in non-problem areas, as 
shown in Fig. 2, and with 49 per hun- 
dred thousand in surplus areas, as 
shown in Fig. 3. 


SUMMARY OF: FINDINGS 


1. Highly significant positive corre- 
lations were found to exist between the 
ranks of the states in volume of war 
production and volume of training 
activity. 

2. These high correlations have pre- 
vailed since the beginning of the train- 
ing program in 1940. 

3. Both training activity and war 
production have been largely concen- 
trated in seventeen states. 

4. Active enrollments, on November 
30, 1943, were found to be concentrated 


in areas of critical and imminent labor 
shortage. 


CONCLUSIONS 


1. The highly significant correlations 
between the ranks of the states in vol- 
ume of training and volume of war 
production justify the conclusion that 
E.S.M.W.T. and her predecessors, 
E.S.M.D.T., and E.D.T., have placed 
training in the localities where war 
production was going forward. 

2. The concentration of training 
activity in areas of labor shortage war- 
rant the conclusion that the 1943-1944 
E.S.M.W.T. Program is sensitive and 
responsive to the training needs created 
by conditions of the labor market in the 
war production program. 

3. Therefore, the findings of this 
study warrant the general conclusion 
that E.S.M.W.T. is serving the train- 
ing needs created by the war produc- 
tion program. 


¢ 
i 
tive and 
|| 
Len 


Another Method of Solving Three-Phase Circuits 


By D. L. WAIDELICH 
Assistant Professor of Electrical Engineering, University of Missouri 


There are two well-known methods 
of solving unbalanced three-phase cir- 
cuits, the method of symmetrical com- 
ponents and the elementary applica- 
tion of Kirchhoff’s laws. There is 
another method of solution which in- 
volves the application of the super- 
position theorem and has been used 
by the author in two ways, first, as 
an application of and source of prob- 
lem material for the superposition 
theorem and second, as an alternative 
method of solving unbalanced three- 
phase circuits. In this last way it has 
the advantages of reducing the three- 
phase problem to that of two or three 
single-phase problems and also of pro- 
ducing the desired current or voltage 
without solving for any of the other 
currents or voltages. In the succeed- 
ing paragraphs two problems will be 
solved, one of an unbalanced three- 
phase circuit without a neutral con- 
nection which reduces to two single- 
phase problems, while the second has 
a neutral connection and must be 
solved as three single-phase problems. 

A three-phase line without a neutral 
connection may be considered to act 
as if it were composed of two separate 
single-phase lines, one for each of two 
of the three-phase line voltages. The 
third line voltage is the sum of the 
other two line voltages and thus may 
be disregarded. In a problem of an 
unbalanced load then, the solution 
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may be obtained by considering the 
three-phase line to be two single-phase 
lines. This is analogous to. the fact 
that two equations result when Kirch- 
hoff’s laws are used to solve a problem 
of this type. The superposition the 
orem may then be applied, and the 
solution of the problem obtained. As 
an example an unbalanced three-phase 
voltage is applied to an unbalanced 
wye load without a neutral connection 
as shown in Fig. 1. If the sequence 


Fic. 1. An unbalanced three-phase wye 
circuit with an isolated neutral. 


is assumed to be ABC, the solution 
of the line voltage triangle give 
Vaz= 230 | 0°, Vec=240 | — 127°, and 
Vea=210 | 114.4°. The two line volt 
ages, Vag and Vgc, will be the one 
used in the solution, and the curreft 
to be solved for is I4n, the currentit 
the A line. If the line B is shortel 
to line C (Vgc short-circuited) and 
the voltage applied to the circu 
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the current in the A line is 


230 | 0° 


4 | 35°)(6 | 45° 
35°+6 45 
= 31.1 | —39.9°. 


If, on the other hand, the line A is 
shorted to line B (Vz short-circuited) 
and the voltage Vasc applied to the 
circuit, the current in the A line is 


240 | —127° 


@ [35°)(5 [40% 


35°+5 [40° 
4 ° 
4 [35°+5 [40° 


=13.01 | —172.67°. 


Pay = 


6 | 45°+ 


The total current in line A is the sum 
of the two currents obtained above: 
antl’ an= 24.15 | — 63° am- 
pres. The other currents may be 
obtained in a similar way. 


z 
z 
8 WA AA 
N z 
z 
¢ AAAA AA 


Fic.2. A balanced three-phase wye circuit 
with a neutral connection. A short circuit is 
present at O. 


As another example of the use of 
this method, the solution of the three- 
phase circuit with a neutral connection 
shown in Fig. 2, will be carried out. In 
this case three voltages must be used, 


_ Kirchhoff’s laws. 


533 


as indicated by the fact that three 
equations are necessary in the solution 
of the same circuit by the use of 
The three voltages 
used are the balanced phase voltages, 
Van = 2300 |0°, Ven = 2300 | —120° —120°, 
and Ven=2300 | +120° volts. The 


impedances of the circuit are Z= 
12 | 30° ohms and Z,=3|75° ohms, 


while the unbalance is caused by a 
line-to-line short circuit at O. It is 
necessary to solve three single-phase 
problems in this case, one for each 
of the three-phase voltages. When 
solving for the current in line A under 
short circuit, the voltage Vaw is used 
with both B and Cshorted toN. The 
resulting current is 


2300 | 0° 
Ao= ° 
[ 75°) (6 | 30°) 
3 | 75°+6 | 30° 
=451 | —68.9°. 


With the voltage Vgy applied (A and 
C shorted to N): 


— 2300 | — 120° 
3) 
3 [75°+6 [30° 
[75°16 |30°) 1 
3 | 75°+6 [30° <3 [75° 


— 23.53°. 


I" s0= 


= 322.3 


Similarly for Vey: 
,0=0. 
The total current J,4o in line A is 
40 


=716 | —50.2° amperes. 


The other currents may be obtained ° 
by a repetition of the above process. 
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This method may also be applied 
when two or more sources are oper- 
ating on the same circuit. If two 
sources are present, one source should 
be short-circuited, while the currents 
from the other source are determined. 
Then short-circuit the latter source 


and find the currents from the forme 
one. Again the sum of the curren 
will be the actual current present ip 
the circuit. The method may also hk 
used for any number of phases, al 
though only three-phase problems 
have been considered here. 


mati 
efly 


parts 
liters 


Tl 
stud 
clusi 
figh 
mun 
outli 
tees 
vine 
tech 
have 
he n 
the i 
to n 
supe 
‘It 
a st: 
Teck 
1943 
fore 
be a 

*F 
hiver 

(ago, 


the forme 

le currents 
present in 

1ay also b 

phases, a English in Basic Army Courses 
problem; 


By ALEXANDER M. BUCHAN 
Washington University 


. we believe that science, mathe- concisely, and. accurately, in writing 
matics, and engineering subjects, prop- and speech.” 
ely presented and interpreted by men of It is possible, of course, to consider 
whanity and culture, are as valuable both English and History as courses 
garts of a liberal education as history and in indoctrination. The statement al- 


literature and the fine arts.* ready cited goes on to say that “the 
FRANKLIN Biiss Snyper, Army also desires its officers to be 
President, well-informed citizens, intelligently 


Northwestern University aware of the traditions and history of 

their country and of the nature and 

The value of English for technical scope of the struggle in which we are 
students is freely conceded by the in- now engaged.” The majority of the 
dusion, in the basic curriculum for popular textbooks in English being 
fight, meteorology, and engineering turned out for these courses have a 
detachments of the Army, of a “com- noticeably doctrinal slant, as a glance 
munication” course. This curriculum at their tables of contents will show. 
is severely scientific and technical in However, the local academic supervisor 
outline and aim, and yet the commit- of “communication,” while expected to 
tees organizing the courses seem con- codperate closely with the other depart- 
vinceed that it is not enough for a_ ments, is left free to select his text- 
technical student, of officer caliber, to books, so that his chief responsibility 
lave scientific information in his head; appears to be what the title of the 
he must also have the skill to convey course suggests—the one of seeing that 
the information, in speech and writing, his students learn to communicate in 
fo men under him as well as to his speech and writing, at the same time as 
wperiors and to the War Department. they gather, in scientific courses, the 
‘It is of the highest importance,” said materials to communicate. 
a statement from Army Air Forces Here, it would seem, is an experi- 
nag Training Command (May 4, ment on a very large scale, the process 
and results of which ought to be care- 
P fully watched. The place and impor- 
English in schools of engi- 
neering, as in other technical schools, 
came in for a good deal of discussion 


*From a speech delivered at the 50th An- 
tiversary Meeting (English), S.P.E.E., Chi- 


cago, June 18-20, 1943. before the war; and what these schools 
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were doing, in a tentative and sporadic 
fashion, is now being carried out in 
most of the large and some of the small 
colleges in the country. The thor- 
oughly practical values desired in the 
basic English for the Army are similar 
to the values that engineers found de- 
sirable in English for engineers, al- 
though the four-year-old report of the 
S. P. E. E. Committee also asked for 
a number of “cultural” benefits as well. 
At all events, an experiment is being 
made in the interests of emergency, 
and it would be unfortunate if the 
teachers and supervisors who are han- 
dling the English courses fail to make 
a record of plans and results. Any 
useful conclusions must wait on an ac- 
cumulation of evidence from a large 
number of teachers, but a hint of some 
of the problems may help, even at this 


stage. 
PROBLEM OF THE TEACHER 


Underlying the whole program in 
“communication” are two assumptions: 
1, that the teachers of the courses are 
teachers either of speech or composi- 
tion; and 2, that the material of the 
courses is predominantly technical. 
Most teachers of composition belong to 
departments of English. The specialty 
of the majority of them is literature, 
its history, philosophy, and apprecia- 
tion. While it is true that wartime 
_ shortages have left few departments 

intact, so that any English department 
may be using teachers of languages or 
philosophy, or even chemistry, the 
teaching staff of the Army programs 
will, if drawn from departments of 
English, be specialists in literature 
rather than in history, or geography, 
or mathematics, or physics. The 
teacher of speech may have a broader 
range than the teacher of English— 
more rhetoric, phonetics, political sci- 
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ence, or economics—but he is no betteliheac 
equipped, from the standpoint of igleult 
formation, to judge material in meteouly 
ology, engineering , or navigation thaliy 
the teacher of English. ot 
Yet he and the teacher of Englidihure 
composition are given the responsibilig§Anc 
of teaching communication of materidigot 
that the programs insist shall be tecinot 
nical for the most part. This insigiyor 
ence, while not actually enforced, ispee 
taken for granted always. The Unites 
versity Meteorology Committee, for ingispee 
stance, gave a summary of the dutig(on; 
of weather officers as related to thier 
course in communication. These dutidiistan 
included interviews of weather persomgmati 
nel, classes in meteorology (includingitrain 
calculus), climatic reports, weather mteact 
ports and operations, refresher coursagyine 
in weather—all technical assignmentifand | 
In most of the directives on the comin tl 
munication course, strict emphasis @high! 
laid on the necessity for codperatiognum| 
between this course and the others, ditions 
of which, with the possible exceptiagwors 
of history, are scientific. The counm§—va 
in communication, that is to say, bapAlth 
comes the clearing-house for the othagexpre 
technical courses. It gives the Ammo ¢ 
students an opportunity to discuss rat 
orally and in writing, the substance @favaile 
history, geography, mathematics, aigsubst 
physics—with some slight permit @ Th 
entry to the broad and rather nebuloging i 
field of the usual course in speedmanev 
And the instructors, generally spedgengli 
ing, will know less thout any one @#or it 
these specialties than the students thqfleedi 


are teaching. he sl 
on ; 


PROBLEM OF THE STUDENT of E; 
The difficulty of “integration” is mpAn ir 
one of the teacher’s equipment onjgmay 


it is also concerned with the amount@4 ead 
the student’s information and his st@ Hon 
of progress in a technical field. To tqjoogic 
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is no bettefeacher of English or speech the diffi- 
oint of infdlty is not new, since his classroom 
1 in meteositas been the catch-all of notions from 
gation sources, from the Reader’s Digest 


bt one end to the student’s latest lec- 


of Englidfture on the Feudal System at the other. 
-sponsibiligAnd the difficulty has been obvious: 
of matetiipt enough facts for the notion, and 
all be teciint enough notion for the quantity of 
This insigfyords. In order to find writing or 
nforced, iigeech emptier of substance than a 

The Uniireshman theme or a sophomore’s 
ttee, forimspeech, one must go to the files of the 
the dutigiGongressional Record. The Army pro- 
ited to thieram insists on substance—the sub- 
‘hese dutifistance of history, geography, mathe- 
her persomgmatics, physics being poured into the 
(includigfitrainees in other classes. Yet the 
weather miteacher of communication is soon con- 
her cours@vinced that the substance isn’t there 
ssignmeniand cannot be there in the fog created 
n the comin the student’s minds by a bout of 


mphasis @highly concentrated application to a 
coGperatiagmumber of new subjects. Vague no- 
- others, ations of history or geography make the 


worst sort of basis for communication 


excepts 
The coum—vague notions indeed of any sort. 
to say, WAlthough it is true that an attempt at 


r the othgexpression in speech or writing helps 
the Ammto clear up vague notions, the effort 
o discuss rather pointless unless ample time is 
ibstance @favailable for filling in the structure of 


1atics, amsubstance and fact on which ideas rest. 
permit @ The fault does not lie with the teach- 
nebuloming in other courses. No material in 
in speed™anew college course is fit substance for 
lly spedEnglish expression until time is allowed 
ny one@lor its assimilation. When the force- 


feeding of the classroom is joined to 
he slower digestive process of discus- 
ion and additional study, the teacher 


dents thé 


DENT oi English can begin to take charge. 
ion” is m™An instance of this happy conjunction 
1ent onljmmay be mentioned. A week or two 


amount@™aiead of the history and communica- 
1 his staggton examination set by the Meteor- 
d. Totmological Committee, Dr. D. Bryant, the 
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academic supervisor of Course V in 
Washington University, drew up a list 
of possible questions in history and 
turned his staff loose on them. The 
staff, mostly teachers of English, be- 
came teachers of history pro-tem, and 
worked out with their students, from 
textbooks and notes, rather full an- 
swers to most of the questions. A 
theme was written on one of the topics, 
a speech was made, and a chance for 
class discussion was taken at any time. 
This was the first history assignment 
to come alive, because students and 
teachers both gained an inkling of the 
technique of historical development and 
debate. 

The comparative success of such a 
plan indicates that “integration” be- 
tween a course in English and courses 
in history and geography may not be 
impossible. If the students have time 
for additional study, and if the teach- 
ers of communication are willif™ to 
study along with them, the themes and 
speeches produced may be satisfactory. 
However, it is apparently the hope of 
the committees arranging the Army 
programs to integrate the course in 
communication with courses in mathe- 
matics and physics, and immediately 
fresh difficulty arises. 


PROBLEM OF TECHNICAL SUBJECTS 


_So as to understand this difficulty, it 
may be helpful to refer to a similar 
problem already met by teachers of 
engineering students. An English in- 
structor of engineers, anxious to give 
his students a chance to talk or write 
about subjects of interest to them, 
sends them to the technical magazines 
and to the Industrial Arts Index. The 
student who follows this recommenda- 
tion is quickly in trouble. Either he 
contents himself with the vague, un- 
substantiated, popular accounts of sci- 


ir. 
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ence found in bookstall magazines; or, 
plunging into authoritative magazines, 
he finds himself out of his depth. 
The chemical engineering student falls 


back on the formule of chemistry, only” 


the simplest of which have any mean- 
ing for mechanical or civil engineers— 
or for the teacher! Other students 
use familiarly technical terms of their 
profession that are little more than 
sounds to their neighbors in class. 

The problem is two-fold: 1, the 
basic language of mathematics consists 
of symbols and figures, not of words; 
and a good part of the basic language 
of engineering consists of graphs and 
diagrams, not of words: and 2, where 
words are used, many of them—in fact, 
the most important ones—are highly 
technical, a foreign tongue to the lay 
person. 

The symbolism of the language of 
even applied mathematics was made 
clearto the writer by Dr. Frank Bubb. 
He was attempting, with considerable 
patience, to explain the configuration 
of some of the photoelastic designs of 
stresses in materials, What, I asked 
him, was the precise significance of a 
pattern where the lines of stress con- 
verged, or of another pattern where 
the lines, as on a contour map, by ly- 
ing close together, seemed to indicate 
a sudden increase in stress? In the 
end, Dr. Bubb gave up the attempt to 
explain. “You and I,” he said, “speak 
different languages. I explain these 
diagrams in my own language, which 
is mathematics. You explain poetry 
to me in words, or try to. And there 
doesn’t seem to be any common ground 
for the two kinds of communication.” 
For physics and chemistry the problem 
is almost as acute. Except for a de- 
scription of apparatus, its kind and 
set-up, the language of these sciences 
degenerates, according to ee teacher 
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of English, into mathematical anj 
chemical formule; and the more gig. 
nificant the experiment the more ey 
clusive the formule become. 

Is such language permissible in 4 
course on communication? Up toa 
point, perhaps, since it is advisable for 
even the teacher of mathematics ty 
speak his formulz articulately. Much 
of the weather information broadcast 
by weather officers is given in code 
and the mere ability to enunciate clearly 
has its value. One doubts, however, 
if a theme would be acceptable written 
in calculus or in chemical equations 
and certainly speeches made in mathe 
matical or chemical symbols would bh 
dull outside a learned society. 

The question then arises: Is there 
any common ground shared by the sc 
entist and the well-informed layman? 
Is the language of mathematics as dif- 
ferent from the language of every day 
as Dr. Bubb seemed to believe? How 
much can be borrowed from the techni- 
cal course to form the substance ofa 
course in speech and writing? This, it 
seems, is a crucial question, if ever 
the course in English for technical str 
dents is to have any bearing on the 
students’ interests and preoccupations. 

Any textbook in any of the sciences 
proves at once that there must bea 
common ground, because the textbook, 
while sometimes termite-ridden with 
formule, also uses the words of 
mon speech. Bringing the matter down 
to the popular level, any issue of For 
tune magazine, in one article or at 
other, successfully presents the sect 
cies of science in a language of the 
street, which is also the language of4 
course in communication. An impor 
tant distinction, that is to say, must 
be made between the mathematical ané 
chemical formulz underlying a techniedl 
course and the description. of their emt 
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idiment in apparatus or in objects of 
pactical use. The aerodynamic theory, 
jor instance, underlying the construc- 
tion of a propeller is, I have been told, 
qite intricate; but the propeller itself 
an be described in words—words that 
my not satisfy a designer but which 
gable ordinary people to distinguish 
ixtween a propeller and an egg-beater. 
The blueprints of mechanisms that con- 
tol the propeller’s pitch cannot be read 
ya mere teacher of English or under- 
sood by his students ; but a description 
of the mechanisms, apart from a few 
technical terms, must be given in words 
iefore the device can be cleared through 
the Patent Office. For many years 
Dean A. S. Langsdorf has insisted that 
the ability to write out and follow pat- 
ent specifications is a requisite for a 
ollege-trained engineer, and no better 
taining in technical communication 
can be imagined. 

For the English teacher the line of 
division between what is explainable in 
words and what is explainable only in 
formule or in technical terms becomes 
anice problem. It seems advisable, on 
the whole, to refuse to accept formule, 
sve only the simplest. Graphs are 
aceptable, provided they are fully dis- 
assed in terms of actual instances 
plotted on the curve. Any sort of dia- 
gram is welcome if it is not too intri- 
tate. Technical terms, across a rather 
wide range of scientific subjects, must 
beallowed—such terms as “grid,” “vis- 
wsity,” ‘torque,” “Brinell test.” If 
the teacher is puzzled about a term or 
adiagram that all of his students fol- 
low readily, he must put himself to 
school. 

While the teacher of mathematics 
and physics, then, specializes in analy- 
is, the teacher of communication con- 
fines himself to description. The lat- 
ler, in order to encourage students to 
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use their new technical vocabularies, 
must allow a good deal of freedom. If 
training of the sort is to be helpful, 
either to Army trainees or to students 
of engineering, the English teacher 
must forget the prohibitions of the old - 
textbooks of rhetoric against the use 
of “jargon.” There can never be, in 
the English classroom where technical 
students are learning, the old notion of 
a fixed quantity of acceptable and in- 
acceptable terms. Any word or phrase 
needed to denote the most recent scien- 
tific advance is admissible, provided 
the student uses it with some knowl- 
edge and precision. A student of chem- 
istry, for example, discussing experi- 
mentation in oils for aircraft engines, 
will be allowed to refer to “viscosity” 
as if everybody knew what the word 
meant. Another student, describing 
routine methods of testing the viscosity 
of oils, may have to be urged to ex- 
plain, as well as he can—not to the 
analytical lengths of the petroleum 
chemist, but in terms of analogies and 
comparisons—what a viscous liquid is. 

In any plan, therefore, of an Eng- 
lish course tied closely to the subject- 
matter of other and technical courses, 
at least two requisites appear. 

1. A clear notion of what technical 
material can usefully be handled in an 
English classroom, and what cannot. 

2. A teaching staff familiar with the 
permissible material in technology as 
well as with the practice of composition 
and of speech. : 

An experimental survey of material 
was made several years ago in the 
School of Engineering of Washington 
University. A responsible member of 
each department in engineering was 
asked to draw up a list of topics in his 
own field that he considered suitable 
for the English classroom. When these 
suggestions were pooled, a wide vari- 


ia 
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ety of topics was available, all the way 
from recent methods of road construc- 
tion to the description of a simple radio 


tube. Every year since the survey was_ 


made and many of the topics proposed 
-to the teachers of English, additional 
. material has been added by the students 
themselves from their own limited ex- 
perience and knowledge. 

The results of this emphasis have 
been noticeable on the teaching staff— 
or at least those members who carry 
the burden of teaching engineers from 
year to year. They learn from their 
students. An interest in technical sub- 
jects has been born, and the old literary 
bias against them is disappearing. A 
notion of culture as an attitude as- 
sumed towards any subject, technical 
or philosophical, rather than as fami- 
liarity with certain arts and books be- 
gins to appear, and the teacher of 
Wordsworth or Thoreau finds himself 
engaged, and happily, in discussing 
baking methods or the development of 
alloys. For the teacher of speech, too, 
there can be a realization that the or- 
derly description of a coke-oven is 
just as valuable practice as an argu- 
ment on Fascism. 

One further advantage of the Army 
work—an advantage that began as a 
handicap—is to be found in the em- 
phasis placed on the classroom at the 
expense of work outside. If pro- 
grams were to be completed in the 
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allotted time, study periods had to 
reduced far below the proportion usy. 
ally found suitable in college work 
While it is true that some of the values 
of college training are lost by haste 
considerable benefit may also accrue 
The teacher must “clear his desk” as 
he goes along. He may not leave a 
theorem half-explained, hoping that 


students will get the rest of the ex§- 


planation by working problems. He 
may not pour out masses of his own 
research, trusting that a class wil 
gather the known facts and a clear 
outline from reading a text. He must 
finish the work in class. If there are 
errors to eliminate, they must be ® 
scored in class that they do not recur, 
If, in the English classroom, ideas are 
lacking, time must be taken out from 
other matters to supply ideas. Ih 
fact, the teacher of a class that has 
little or no time for outside prepare 
tion must himself be both teacher and 
text. 

For the English teacher of engineers, 
as of Army trainees, the moral is fairly 
obvious. His English and his knows 
edge of practical matters are of a 
most equal importance. In order to 
carry out his duties well, he may have 
to forget Paradise Lost for the time 
being and become a student, if only 
an amateur one, of science and tech 


nology. 
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He would indeed be a rash man 
who attempted to prophesy the exact 
proportions of the Humanities pro- 
gams in the post-war engineering col- 
kge. Nevertheless, if a few general 
assumptions are made on the basis of 
present events, it should be possible to 
forecast the things that are likely to 
wcur—and I shall begin by stating 
the premises on which my conclusions 
ae based. 

In the first place, it seems probable 
that the liberal arts colleges will be 
uder greater compulsion to reéxamine 
their curricula after the war than will 
the engineering colleges; that a re- 
examination of the curriculum is a de- 
sirable end whether the college be one 
of arts, science, or engineering seems 
dbvious. The circumstances of the 
present moment will result, it is to be 
hoped, in a badly needed house-clean- 
ing within the ivory towers of many 
previously sacrosanct citadels. The 
tradition of the liberal arts will be 
stiously interrupted by the war—the 
extent of the cleavage being in direct 
proportion to the length of the con- 
flict. Even at present, the liberal arts 
tradition, as we have known it in the 
men’s colleges, has been terminated 
despite the brave words of those col- 
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lege presidents who boast that they are 
keeping the flame of liberal arts alight 
in the breasts of their 4-F enrollees! 

By contrast, the engineering curricu- 


_lum is now undergoing far less change ; 


the navy program will not alter our 
basic curricula to any great extent, so 
that unlike the arts colleges, we shall 
probably maintain a definite continuity 
throughout the war years. The army 
program, although it is much shorter, 
will nevertheless introduce trainees to 
technical education, which they may 
desire to pursue further after the war. 
Furthermore, since this is a technologi- 
cal war, it seems reasonable to assume 
that many other service men will want 
to expand their technical knowledge, 
acquired in wartime, in the post-war 
world. Finally, the thousands of en- 
gineering students who have left us 
in the middle of their college years 
will take up their studies again where 
they were left off—the chief motive 
probably being to secure a job. Any 
radical changes in engineering pro-- 
grams will hardly be welcomed by these 
would-be engineers ; on the other hand, 
it is my feeling that radical changes to 
adapt the arts college’s program to liv- 
ing in the present world would be 
welcomed by almost everyone except a 
benighted few whose minds are so 
deeply in bondage that the word “‘ib- 
eral” has a humorous or even ironic 
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twist when applied to them. In sum- 
mary then, I would suggest that our 
plans for post-war humanities be made 
on the assumption that we in the hu- 


manities must grow or remain stati¢ 


within the general pattern of an engi- 
neering curriculum that will remain 
basically unchanged. Three conditions 
seem to warrant this conclusion: first, 
our continuity of tradition through the 
war years; second, the large numbers 
of men who have had their first in- 
troduction to technology as it is ap- 
plied in the armed forces and who will 
want to expand their knowledge of 
this field in the post-war world; third, 
the engineering students whose studies 
have been interrupted by the conflict 
but who will want to take up where 
they left off in order to acquire their 
engineering degrees. 

If these assumptions are correct, we 
will not have the same opportunity as 
the arts colleges to begin afresh, to 
discard those things that are outmoded. 
It is, therefore, incumbent on us in 
the technical schools to utilize fore- 
thought and planning now to insure 
the growth of the humanities in the 
future. All of us here must look with 
grave concern on the present state of 
the liberal arts; our colleagues in the 
scientific and engineering departments 
are questioning, and will continue to 
question, the values which we repre- 
sent just as the whole liberal arts 
structure is now being questioned. 
We must be prepared to answer these 
queries effectively lest we lose ground 
in the post-war educational organiza- 
tion. 

I do not propose to defend the hu- 
~ manities before this group; for us 
they need no defense. Obvious to us 
is the fact that applied science must 
play a major role in any acceptable 
world order that emerges from the 


present struggle; but science does not 
operate in a vacuum. It is an integral 
part of the social order; it can fune 
tion best when the technical and the 
social aspects of modern civilization 
go hand in hand; it cannot function 
adequately as a segregated specialty, 
If engineers are to take the most re 
sponsible posts in the post-war world, 
they must understand the social and cal- 
tural implications accompanying tech 
nological developments. We must con 
tinue to insist that the engineer have 
a thorough understanding of the social 
and cultural heritage of the human 
race. Many of us feel we have fallen 
far short of this ideal in the past; a 
we think of engineers in general, we 
are reminded of George Russell’s com 
ment on a renowned scientist: “He is 
not really intelligent for his mind em 
braces little outside his profession. A 
candle does not shine light only in one 
direction.” This narrowness of ott 
look has always been the most serious 


indictment of the engineer; we as a§j 


group cannot escape a partial response 
bility for this. Perhaps we have bees 
too uninspiring or too busy to quicken 
in our students a lively interest in th 
various aspects of human culture whieh 
we represent. Over and above all else, 
we have had too little of the students 
time to do our job effectively. 

You will note that I have said % 
partial responsibility” for this state 


affairs belongs to us; this responsibility 


also rests squarely on the shoulders 
the administrations under which “we 
live and move and have our being! 
A reading of past volumes of TH 
JourRNAL OF ENGINEERING EDUCATIO 


reveals countless pious expressions | 


belief in the humanities by colleg 
presidents; yet an examination of tht 
scope of humanities in the technic 
schools hardly shows that the adminit 
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ators are willing to translate their 
words into action. “The gentlemen 
do protest too much, methinks.” 

I am inclined to view the organiza- 
tion of a college curriculum as a prac- 
tial working out of power politics, 
with the courses representing compro- 
mises which reflect the personal views 
of those in power. The safest course 
for the executive, obviously, is to pre- 
serve the status quo; this keeps the 
dumni happy because their one desire 
isto keep the college the same as it was 
in their undergraduate days; the ma- 
jority of the faculty are delighted be- 
ause they view with alarm any tend- 
ency to change the rights and privi- 
kges which time has ripened into pre- 
togatives; and the students, however 
much they may desire a change, hardly 
ever have a leadership sufficiently ar- 
ticulate to dent the aura of divine right 
in which a college presidency doth 
hedge itself! Only when a minority 
group like an English or a Social Stud- 
is Department becomes sufficiently 
weiferous is this delightful state of 
affairs altered—and even then, the 
thances are slight because we are usu- 
illy overwhelmed by sheer weight of 
mmbers. Just to make all this spe- 
fic, I should like to refer to the nu- 
merous occasions when we in the hu- 
manities are urged by our colleagues 
inthe engineering departments to co- 
ordinate our work with what goes on 
in electrical engineering or physics or 
chemistry. How enlightening to the 
English Department would be a term 
paper on “The Cathode Ray Oscillo- 
graph” or on “Phenol-Formaldehyde 
Plastics”! Perhaps we need such en- 
lightenment; but many of us would 
feel much better if the electrical engi- 
teers, the physicists, the chemists were 
to show an equal interest in the work 
of the economics, history, or English 


departments. A reciprocal trade treaty 
to work should really be reciprocal ; in 
the engineering colleges this reciprocity 
seems all too rare, chiefly: because we 
in the humanities are the smaller na- 
tions which are expected to accept the 
terms dictated by the larger ones. 

If this view of the organization of 
our colleges seems factual, then we in 
the humanities might as well be real- 
istic about the mechanism by which we 
can advance in the future. We be- 
lieve our cause is just, but we must 
convince a lot of other people of its 
justness before we can make progress 
—and by progress I mean more time 
to do a better job than we have been 
able to do. And now, during war 
time, we should begin our preparation 
for the future, unless we want to imi- 
tate “Rose of Washington Square” 
who “ain’t got no future, but Oh! 
what a past!” 

Let us proceed, then, to an examina- 
tion of our possibilities of growth in 
the future. If our objective is to pro- 
duce an engineer who can speak and 
write effectively, who has an acquaint- 
ance with the great productions of hu- 
man culture, and who has some under- 
standing of the historical and economic 
forces that shape modern civilization, 
it is apparent that we must be given 
more time to accomplish these ends. 
It may be an oversimplification, but I 
think it is true, that the college admin- 
istration which believes sincerely in 
the humanities will be able to find time 
for them to be adequately taught. Our 
task is to show that this time can be 
used effectively by teachers who com- 
mand the respect of administrators, 
faculty, and students. 

We are in a fortunate position to do 
this, thanks to the investigations and 
surveys of the humanities which have 
been made in recent years. The re- 
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port of the Committee on English on 
“Instruction in English in Engineer- 
ing Colleges,” surveys such as Pro- 
fessor R. H. Rountree’s “The Present 


Status of ‘Non-Technical’ Engineer-* 


ing Education in American Universi- 
ties,” and Professor A. M. Fountain’s 
“A Study of Courses in Technical 
Writing,” give a clear picture of our 
problems, our methods, and our weak- 
nesses. In the post-war world, we 
should begin translating these recom- 
mendations into action. Our worst 
fault has been our failure to achieve 
action on the really excellent ideas that 
have been presented by these investi- 
gators. For years we have been say- 
ing “The humanities are good; there- 
fore, we must have more of them.” 
This merely begs the question; and 
college administrators have heard the 
statement so often that like the ticking 
of the clock on the mantel, it doesn’t 
even penetrate their consciousness. 
Perhaps it is only the temerity of one 
who has been in the profession a com- 
paratively short time that impels me 
to point out in the concluding part of 
this paper the items of our unfinished 
business—business which we must at- 
tend to if we would be judged by our 
actions rather than by our words. 
Item one concerns the training of 
teachers for the humanities in engi- 
neering colleges. For the last dozen 
or more years, there has been violent 
criticism of the Ph.D. discipline as a 
preparation for a teaching career in 
the engineering college. We have dis- 
cussed all sorts of methods by which 
we might train better teachers; yet, so 
far as I know, this has remained com- 
pletely in the realm of discussion—is 
it not time that we try to act? Would 
not some graduate school lend a sym- 
pathetic ear to a course of graduate 
study recommended by such a group 


as this? Can we afford to let an op 
portunity of this sort go unheeded? 

The second item involves the best 
plan for organizing the humanities 
within the engineering school. At the 
Michigan Conference, it was apparent 
that our interests were so diffuse as 
to make a common ground difficult 
Some of us represented humanities 
departments, others English depart. 
ments, speech departments, social stud- 
ies departments, and so on. Perhaps 
there is strength in union; if so, we 
might achieve more lasting results if 
we were differently organized with al 
the humanities merged as a grow 
headed by a dean of humanities. A 
thorough study of the possibilities of 
new types of organization might lead 
to making us a more effective political 
group within the college. 

The third item would be the tackling 
of the problem of making careers i 
the humanities departments sufficiently 
attractive to induce promising young 
men to enter them. Report after re 
port has demonstrated statistically that 
the instructor in the English, econom 
ics, or history department of the tech 
nical school teaches a heavier load 
than the comparable instructor in the 
arts college; writer after writer has 
pointed out the desirability of time for 
individual conferences with students 
Can we not go on record to establish 
the maximum desirable load for the 
humanities instructor? This is cer 
tainly an important consideration it 
the mind of a young man who might 
join us in our career. 

Fourth, is a need for a detailed study 
of the time that could be allotted # 
the humanities within the curriculum 
Professor R. H. Rountree’s report a 
“The Present Status of ‘Non-Tech 
nical’ Engineering Education in Amer 
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ican Universities” * shows that “on 
the average engineering students .. . 
devote sixteen per cent of undergrad- 
uate time to ‘non-technical’ subjects, 
of which two-fifths is given to Eng- 
lish and one-fifth to economics.” The 
maximum assignment of time to non- 
technical work is twenty-seven per 
cent; the minimum is zero. None of 
us in the humanities departments 


‘would agree that sixteen per cent of 


the student’s time is enough to train 
him to speak and write with profi- 
ciency, to acquaint him with literature, 
history, and economics; and even in 
this sixteen per cent there are many 
courses that look ill at ease under the 
title of “non-technical.” But sixteen 
per cent of the student’s time is the 
average portion that forty administra- 
tions have allotted to us, and if we 
hope for better things, we must work 
to obtain them. We have been like 
infant industries, protected by more 
or less benign administrators in our 
endeavors; but the industry which 
grows up and justifies itself is the one 
to invest in. 

Our great chance for growth in the 
future, it seems to me, lies in the field 
of electives (or general studies, or 
non-technical options, as they are called 
in various schools). We cannot really 
expect to have a much larger claim 
staked out for us than a required two- 
year sequence in language and litera- 
ture and another two-year sequence in 
history and economics. Beyond that, 
we must justify ourselves at every 
step; the one principle that we can 
tightly insist on is that if electives in 
the humanities are set up, they must 
really belong in the humanities. There 
are some strange new arrivals regis- 
tered in our academic books as “gen- 


*THE JouRNAL oF ENGINEERING Epuca- 
tion, November, 1941. 


eral studies”; I am not the hotel de- 
tective, but if I were, I should keep a 
sharp watch on certain of these new- 
comers, for they appear to me to be 
highly suspicious characters. This 
English group might well assume the 
role of house detective by defining 
what properly belongs in the province 
of the humanities and by attempting 
to eject these masquerading guests. 
Finally, as a corollary, we need a 
more clear-cut formulation of our own 
objectives than we have ever had be- 
fore. We are expected to do in a com- 
paratively short time what many an 
arts college has failed to do in four 
full years ; this fact makes it even more 
imperative that we know exactly what 
our goals are, for we have no time to 
waste in fruitless efforts. Probably 
the best that we can hope for from 
the products of engineering education 
are men who will be supporters of the 
arts, drama, music, and literature; the 
job of sizing up what is good and of 
shaping critical judgment in cultural 
realms, we can leave to the arts col- 
leges. I should like to see engineers 
represented on the boards of trustees 
of our playhouses, our art museums, 
and our libraries, as well as on our 
chambers of commerce and civic wel- 
fare agencies. This is certainly not 
too much for us to hope. In addition, 
we can rightly expect our engineering 
graduates to understand the impact that 
science has had on human institutions. 
Alexander Meiklejohn has said : “Many 
causes have produced the present 
World War. But high among them 
all is the failure of our Anglo-Ameri- 
can institutions of liberal learning. It 
is not the forces of the modern world 
which have wrecked us. It is our lack 
of understanding of these forces.” 
We in the engineering colleges can- 
not escape our share in this failure; 
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and in the future, we must try to cor- 
rect past mistakes. 

In summary, the status of the hu- 
manities in the post-war engineering 
college presents a definite challenge to 
this group. If we grow, we shall prob- 
ably do so within the pattern of present 
curriculum; because of the premium 
the war has placed on technology, our 
colleagues in the engineering depart- 
ments will undoubtedly be more smug 
than ever about the importance of 
technical subjects, and consequently 
less ready to concede time to the hu- 
manities. To meet these conditions, 
we must first set our own house in 
order and present a solid front in the 
future. 

Perhaps the most realistic approach 
to these problems would be the forma- 
tion of a committee to represent this 
group and to present our objectives 
and our problems before the adminis- 
trative group of the Society for the 
Promotion of Engineering Education 
- at some future session. At the mo- 
ment, presidents and deans are so be- 
set with the immediate questions of 
their relations with the army and navy 
that they can give little thought to long 
range planning; but sooner or later, 
they will turn their attention to funda- 
mentals. When they do, we should be 
ready with answers to such questions 
as the following: 

1. Would we in this group achieve 

a greater solidarity by inviting 
members of economics, speech, 


history, social studies, and other 

similar departments to join us? 

2. Can we define our objectives » 
clearly that we can go to our a¢- 
ministrations with a direct state. 
ment of what we hope to accom 
plish and a reasonable estimate of 
the time needed to do it? 

3. Is it possible, or desirable, to 
make recommendations concert 
ing the most suitable graduate 
training for young instructors i 
our departments? 

4. Can we define what should bk 

included in “the humanities” » 

that we have a criterion for eject 
ing a few of the dubious course 
that are so labeled? 


Such a committee, when it finally te 
ported to the administrators, would a 
the very least serve to educate a few 
college presidents and deans to om 
viewpoint. Furthermore, it 
carry our message to those in the to 
of the college hierarchy. 

When all else is said, we represent 
the oldest, the most respected tradition 
in the engineering school ; compared ti 
the humanistic values and cultural her 
tage in which we believe, applied sé 
ence is but an infant, albeit a lusty ont 
It is our task to see that engineers @ 
not lose sight of these human valut 
in spite of their pre-occupation will 
bigger and better plastics, electric eyes 
and radio detection devices. If we @t 
this with enthusiasm, courage, ai 
foresight, we cannot fail. 
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Training for Production Engineering in the 
Aircraft Industries * 


By M. J. THOMPSON 
Professor and Chairman, Department of Aeronautical Engineering 
and JOHN C. BOWMAN 


Resident Supervisor, E. S. M. W. T., Fort Worth-Dallas Area, 
The University of Texas 


Even before war broke out, manu- 
facturing industries were called upon 
to produce material far above their 
normal peacetime capacities, and it 
was soon realized that peacetime man- 
power supply methods would no longer 
be sufficient. This was found to be 


especially true in the field of aircraft 


production. In this industry, as never 
before, wartime conditions accelerated 
its activity, and with this acceleration 
came demands for trained aeronautical 
engineers and other technical person- 
nel. Production in the aircraft indus- 
try was an entirely new thing. Before 
the war, assembly line methods of air- 
craft production were unknown. The 
problems of putting into effect a large 
scale program of aircraft production 
were enormous, since few manufactur- 


ming methods could be adapted from 
those used in other older mass produc- 


tion industries. Materials, installed 
equipment, wiring, furnishings, arma- 
ment, and a thousand other things 
were entirely new to any production 
program. Furthermore, large scale 
manufacturing was entirely new to 
*Presented at the 50th Anniversary Meet- 


ing, S. P. E. E. (Aeronautical), Chicago, 
June 18-20, 1943. 


Texas. Many production problems 
presented themselves and in order to 
supply the necessary personnel to 
solve these problems, it was soon real- 
ized that educational programs must 
likewise be accelerated. 

The first attempts to satisfy in- 
dustrial aircraft production training 
requirements by The University of 
Texas, beyond the scope of its regu- 
lar engineering program, were made 
through codperation with the United 
States Office of Education and its En- 
gineering Defense Training Program. 
In February, 1941, an intensive full- 
time (36 hours per week for 15 weeks) 
aeronautical engineering course was 
organized on the University campus 
in Austin. The prime purpose of this 
course was to convert other types of 
engineers, such as civil, mechanical, 
petroleum and chemical, to aeronauti- 
cal engineering work in a minimum 
time. A condensed outline of the con- 
tent of this course is shown in Table I. 
The course was largely a condensation 
of a standard college level aeronautical 
engineering curriculum with some spe- 
cial attention being given to meet the 
needs of industry for men who would 
be immediately productive on comple- 
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tion of their training.* The work in 
aircraft engines was presented pri- 
marily from the standpoint of per- 
formance and its relation to the rest of 


the airplane so that the course was 


basically one for airframe engineers 
and not for aircraft engine designers. 


TABLE I 


OUTLINE OF FULL-TIME E. D. T. Course IN 
AERONAUTICAL ENGINEERING AT 
THE UNIVERSITY OF TEXAS 


Hours 
er W. 
Subject 
| Lab. 
1. Elementary Aerodynamics. .... 
2. Elementary Aircraft Structures 
and Stress Analysis......... 3} -0 
3. Aircraft Engines, Propellers and 
4. Aircraft Materials and Processes} 2 4 
5. Machine Shop and Welding 
6. Aircraft Drafting and Detail 
Total Hours Per Week....... 16 | 20 


Students registering for this course 
consisted of three major groups: 


1. Those who had not been able to 
complete engineering college work 
begun in the depression years. 

2. Those who had acquired engi- 
neering education and experience 
in other fields, but who wished to 
transfer to aeronautics because 
of decreased activity in their 
original field. 

3. Engineering students previously 
enrolled in college who did not 
wish to spend the longer period 


* Thompson, M. J.: “Evolution of Aero- 
nautical . Engineering Education,” Jour. 
Encr. Epuc., Vol. XXXII, No. 4, Dec., 
1941. 
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of time required to complete their 
regular course leading to Bache 
lor’s degree. 


Requirements for entrance were ap 
proximately the equivalent in educa 
tion and experience of junior standing 
in engineering college work. Hence it 
is not surprising that, during the two 
years this course was in- operation, 


only one woman student enrolled init ¥ 


and successfully completed the work, 

No attempt was made to satisfy the 
training requirements of any specific 
manufacturing firm although close con 
tacts and much valuable information 
were obtained from most of the larger 
aircraft companies. If a student ob 
tained employment before the end of 
the course, some effort was made to 
acquaint him with the engineering 
procedures, drafting room manual, 
and standards of his future employer. 
This practice is now an integral part 
of the regular University courses in 
aircraft design. 

This full-time training program in 
Austin was repeated continuously for 
a total of six courses under E. D. T, 
E. S. M. D. T., and E. S. M. W.T 
sponsorship, the last course ending it 
February, 1943. The history of the 
course is particularly interesting i 
that it shows a significant trend in the 
availability of qualified engineering 
personnel. At the beginning of the 
program, relatively little difficulty wa 
experienced in obtaining satisfactory 
enrollments. This situation prevailed 
until the spring of 1942, at which tim 


it became increasingly difficult to fini 
students properly qualified for this 
training. In spite of the fact that th 
aircraft industries had found 
graduates of previous courses to k 
highly satisfactory and continued # 
express a heavy demand for additiond 
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trainees, the decreased potential sup- 
ply of qualified students made it evi- 
dent that this course could no longer 
be profitably continued. For this rea- 
son the course was not repeated fol- 
lowing the completion of the last class 
in February, 1943. 

Some indication of the success of 
this course may be obtained from em- 
ployment records of the students who 
have taken it. They are now em- 
ployed in the engineering departments 
of practically every major aircraft 
plant in the United States. The few 
men who have gone into the Armed 
Forces are in most cases engaged in 
work in which this training has been 
of considerable value to them. 


TABLE II 


EFFECTIVENESS OF TRAINING OF THE UNIVER- 
sity oF Texas E. S. M. W. T. Courses 
In AERONAUTICAL ENGINEERING 


Number | Number 
Number | Number | Employed | 

1 18 14 15 3 
2 12 12 10 0 
3 10 10 9 1 
4 20 18 18 2 
5 10 10 9 0 
6 6 6 4 0 
Totals} 76 70 65 6 


In Table II there are given a few 
pertinent statistics on this course cov- 
ering enrollment, number of comple- 
tions, number employed in the aircraft 
industry, and number in the Armed 
Forces as of April, 1943. 

In the autumn of 1941, field activi- 
ties in the form of short courses which 
it was hoped would satisfy the specific, 
immediate needs of the Texas aircraft 
industries were undertaken. Part- 
time training courses under the E. D. 
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T. program were first set up in the 
Fort Worth-Dallas area in September, 
1941, at which time two courses were 
organized. From this small beginning, 
the Fort Worth-Dallas program has 
expanded so that it now includes some 
25 different courses with a total of ap- 
proximately 35 sections. 

Early wartime training for the two 
major Texas aircraft firms, Consoli- 
dated Vultee Aircraft Corporation in 
Fort Worth and North American Avi- 
ation, Inc., in Dallas, was, by present 
day standards, relatively ineffective in 
meeting industrial requirements. In 
those early days Texas aircraft indus- 
tries were in their infancy and were 
as inexperienced in determining their 
needs as the training agencies were in 
satisfying them. Courses set up were 
rather general in character and did not 
have any particular, immediate indus- 
trial use. For example, courses in air- 
craft materials and processes, aircraft 
drafting and general types of inspec- 
tion courses were given, which could 
only be classified as supplementary 
training. Neither Consolidated Vultee 
nor North American had any more 
than a skeleton crew of draftsmen at 
that time, but the drafting course was 
considered valuable in supplying air- 
craft personnel with a broader back- 
ground. 

Gradually industry and education 
unified their ideas. Supplementary 
courses definitely began to satisfy im- 
mediate needs intended. Industry and 
training were finally getting together. 
A ‘preémployment program was soon 
launched in an attempt to provide in- 
dustry with adequately trained tech- 
nical personnel. This program never 
reached the size anticipated by most 
for the reason that the bulk of such 
training was needed for shop person- 
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nel on the vocational level. It was 
found that only a few technical super- 
visory men were needed at that time. 


Thus this program had an extremely. 
limited scope. During this early. 


period, the place of college level air- 
craft training activities in the whole 
training picture was not very clear. 
Texas firms were then intended to be 
assembly plants with only skeleton 
crews of supervisory personnel. All 
engineering and production planning 
was to be done elsewhere. 

However, during the late summer 
of 1942, the picture at Consolidated 
Vultee changed greatly. Their plant 
became a complete organization from 
stem to stern. It included every phase 
of aircraft production and engineering 
of new airplanes. North American 
soon followed suit but their meta- 
morphosis was not so abrupt, and did 
not involve The University of Texas 
program as much as it did that of other 
educational institutions. The period 
after these changes might be called 
“Phase II” of the college level air- 
craft industrial training program. 

The University’s field activities in 
North Texas were thereafter largely 
devoted to aiding Consolidated Vultee 
during this transition. The problems 
involved in converting this great plant 
from one type of organization to an 
entirely different type were enormous, 
especially in view of the fact that other 
industries and the Armed Forces had 
already almost completely absorbed 
the available supply of engineers and 
other supervisory men now so badly 
needed at Consolidated Vultee. 

In general, three types of courses 
are offered in the present program 
which represents Phase II in fairly 
full development. 
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1. Preémployment.— Part-time 
training, usually given two evenings 
per week outside of working hours, 
in which instruction is given to re 
latively inexperienced personnel for 
subsequent employment in a specific 
technical position. 

2. Supplementary.—Part-time train- 
ing outside of working hours in 
which instruction is given along the 
line of the student’s full-time work 
in war production. A term used by 
industry for a similar type of train 
ing is “up-grading,” which differs 
only in the location of the class 
Up-grading courses use factory fe 
cilities, laboratories and class rooms, 
3. In-service —Full-time (40-hour 
week) training, similar to preém 
ployment training in satisfying an 
immediate employment problem, ex- 
cept that students are actually engi- 
neering apprentices on the payroll of 
the firm involved. The aircraft in 
dustry calls this “prefactory trait- 
ing.” 

Preémployment training, like the 
full-time Austin program, was at first 
fairly successful but fell by the way 
side when demands of other industries 
and of the Armed Forces made satis 
factory enrollees practically non-exist 
ant. 

At the present time, preémployment 
work has been almost entirely replaced 
by in-service courses which accom 
plish the same purpose in a more & 
fective way. A great many problems 


have risen out of the in-service typed 
course. Recruiting of suitable em 
ployees has been one of the major cot 
cerns. Many people apply for this 
training, yet few are qualified. In or 
der to determine a student’s adapte 
bility for the work in which he is # 
be trained, informal and brief aptitué 
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tests have been established and every 

licant is carefully interviewed by 
the University’s supervisory staff, the 
company’s employment office and fre- 
quently by the instructor. 

Another problem of in-service train- 
ing has been the codrdination of the 
course material with industrial re- 
quirements so that it will produce the 
desired quality of employee. This is 
largely dependent on the instructor’s 
ability and on the care used in plan- 
ning the course. It has been found 
that the success of in-service training 
depends almost entirely on the instruc- 
tor’s ability, not only in the presenta- 
tion of classroom instruction, but prin- 
cipally in the codrdination of his in- 
struction with the knowledge required 
on the job. The college supervisor 
cannot know all the intricacies of in- 
dustrial requirements. Even indus- 
trial training directors are occasionally 
vague in formulating and expressing 
their ideas of their own company re- 
quirements. The success of this pro- 
gram is consequently greatly depend- 
ent upon the instructor’s familiarity 
with his subject as applied to his com- 
pany’s operations. 

Instructors very frequently are long 
on technical ability and short on in- 
structional ability. It has been found, 
however, that it is infinitely better to 
train a technical man to be an instruc- 
tor rather than try to make a technical 
instructor out of a man trained in 
pedagogy alone, when the latter is not 
too familiar with the course material. 
An extensive instructor-training pro- 
gram has never been set up, principally 
because it was felt that the results ob- 
tained from present methods are satis- 
factory. Furthermore, practically all 
instructors are plant engineers and 
hence do not have much time available 
for any formal teacher-training. Most 
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instructors fall almost automatically 
into what might be called adequate 
teaching methods, once they face their 
class. Though some instructors are 
extremely “green,” they, almost to a 
man, have acquired from technical and 
practical experience, the same psycho- 
logical fundamentals and their practi- 
cal application which an elaborate in- 
structor-training program would pro- 
vide. It has only been necessary to 
provide occasional informal sugges- 
tions and corrections regarding in- 
structional methods and this is readily 
accomplished through fairly close su- 
pervision and guidance of the actual 
class work. 

The problems of supplementary 
training are quite similar to those of 
in-service training. However, supple- 
mentary training involves a great num- 
ber of separate and distinct courses of 
greatly varying types, while in-service 
training has so far been along two 
closely related lines—engineering draft- 
ing and engineering lofting. Approxi- 
mately 20 different types of supple- 
mentary courses are offered, each re- 
quiring a special and different tech- 
nique in codrdinating course material 
with industrial requirements. Here 
again, the instructor is all-important 
as the representative of industry in 
the type of training for which he is 
gtving instruction. 

A great deal of difficulty has been 
encountered in regard to text mate- 
rial. In only a very few cases have 
there been adequate texts for the 
courses offered, largely due to the fact 
that supplementary training is needed 
in so many highly specialized lines for 
which little material has ever been pub- 
lished. Here again the instructor is 
the key man in preparing text mate- 
rial wherever possible. 

In Table III statistics are shown on 
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the activities of The University of 
Texas E. S. M. W. T. program dur- 
ing the period from July 1, 1942 to 
April 15, 1943. The type of course is 
indicated in this table by the following 
code; P—Preémployment, S—Supple- 
mentary, I—In-service. Enrollment 
figures show the maximum number en- 
rolled in the course, the number who 
completed the training, and the num- 


TABLE III 


EFFECTIVENESS OF TRAINING OF THE UNIVERSITY OF TEXAS E. S. M. W. T. PRoGRAM 
AERONAUTICAL ENGINEERING IN THE ForT WorRTH-DALLAS AREA 
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ber who were employed or promoted 
as a result of such training. The latter 
figures have been supplied by the Con. 
solidated Vultee Aircraft Corporation 
and by North American Aviation, Ine, 
which were the principal companies 
served by this program. 

A highly significant point brought 
out in Table III is the rather low num 
ber of student completions found in the 


Num- | Maxi- Number 

Title Code | type | ber | mum | Comple: | playa 

tions or Pro- 

tions ment moted 
Aircraft Drafting and Math................ 011 P 6 121 37 31 
Aircraft Drafting and Math................ 123 ¥ 2 64 25 9 
Aircraft Drafting for In-Service Employees...| 095 I 2 50 49 49 
Aircraft Drafting for In-Service Employees...} 122 I 2 49 46 46 
Aircraft Drafting for In-Service Employees...} 135 I 2 56 52 52 
Lemplate 005 P 3 105 73 56 
062 Ss 2 60 31 19 
Aircraft Lofting for In-Service Employees....| 111 I 1 25 21 21 
Aircraft Lofting for In-Service Employees....} 136 I 1 25 19 19 
Amcraft Elec. Systems. .. 028 Ss 4 134 79 20 
Elec. Systems... 116 S 1 22 9 3 
Elements of Aircraft Hydraulics............ 068 Ss 1 32 5 2 
in Aircraft 037 I 1 40 22 8 
Aircraft Materials and Fabrication Processes. .} 019 Ss 1 30 17 il 
Elementary Aerodynamics................. 034 S 1 15 12 4 
Basic Math. for Aero. Engrs................ 076 S 1 15 6 1 
Aircraft Descriptive Geom.................. 075 Ss 1 18 8 3 
Aircraft Communication Systems........... 085 S 1 34 14 14 
Wood Technology in Aircraft............... 096 S 1 21 8 3 
Inspection of Aircraft Elec. Systems......... 017 S 1 13 4 4 
Inspection of Aircraft Hyd. Systems......... 030 S 1 19 7 6 
Tool Planting; 002 S 2 49 33 10 
Inspection of Aircraft Materials and Parts....| 012 Ss 2 41 11 4 
Aircraft Flight Inspection.................. 089 Ss 1 22 8 4 
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promoted TABLE IV 
The latter § Tae University or Texas E. S. M. W. T. ProGRAM IN AERONAUTICAL ENGINEERING 
the Con- Courses Now IN PROGRESS 
poration § —— 
um- 
Tile Gee | | | 
tions | ment 
brought § Fundamentals of Aircraft 275 3 27 
low num Advanced Aircraft Drafting. . 137 S 3 77 
; Aircraft Drafting for In-Service Employees.................. 135 I 1 56 
ind in the Aircraft Drafting for Student Employees.................... 195 I 2 49 4 
Aircraft Template 148 3 82 
rocram m § Advanced Aircraft 162 S 1 30 7 
Aircraft Lofting for Student-Employees..................... 177 S 1 25 q 
or Pre Basic Math. for Aero. 167 | S 1 27 
oe, Liaison Engineering Practices in Aircraft Industries.......... 168 Ss 1 29 4 
31 Engineering Planning and Scheduling in Aircraft Industries....| 151 Ss 1 20 ; 
g Aircraft Engines. 108 | S 1 38 
10 Aircraft Flight Inspection for In-Service Employees.......... 147 I 2 31 
49 Thermodynamics for Aeronautical Engineers................ 173 S 1 12 4 
be case of many of the preémployment Another type of war training pro- I 
9 — courses as compared with the other gram in which the University of ; 
19 f types of training. Experience has Texas is participating is essentially an 7 
, shown that this is definitely not due to extension over a larger time scale of 3 
19 § Poor instruction, but rather to the lack the E. S. M. W. T. in-service type of 
20 § ofstaying power on the part of the stu- course. This is exemplified by the 4 
10 § dent and the many other immediate Curtiss-Wright Engineering Cadette ; 
3 fF calis for both voluntary and compul- program, now in operation for a ten- : 
; sory service from other industries and month period, during which instruc- 7 
11 & the Armed Forces. tion in the fundamentals of aeronauti- q 
16 Table IV gives a summary of The cal engineering is provided for a rela- Fi 
1 § University of Texas War Training _ tively large but carefully selected group q 
} Program in operation in the Fort of college women. The average Ca- q 
3 § Worth-Dallas area on April 15, 1943. dette has had approximately two years 7 
14 — The complete replacement of preém- of college work before entering this eS . 
3 § ployment courses by the in-service and program and in many cases, had had i 
; supplementary types will be immedi- considerable work in mathematics and q 
10 ely noted. Figures on maximum en- science. On completing the program 
4 § ‘ollment are given in this table but, of she is to be employed in the Engineer- } 
4 § course, complete information on em- ing Department of one of the Curtiss- 4 
| sie ployment and promotion of students is Wright plants. While Curtiss-Wright 7 
J hot yet available. has been the pioneer in organizing this q 


a 


554 
type of training, it is understood that 


other companies, such as R. C. A.,: 


Hamilton Standard Propellers and the 
Pratt and Whitney Aircraft Engine 
Division of the United Aircraft Cor- 
poration, have recently set up similar 
programs, and numerous others are 
about to follow suit. 

While the University’s participation 
in the Curtiss-Wright program has 
brought up many new and interesting 
problems, it is too early to make any 
definite statements regarding the ef- 
fectiveness of this type of training. 
Much careful planning on the part of 
Curtiss-Wright and the seven engi- 
neering schools cooperating, has gone 
into the development of this program. 
The Cadettes, as a whole, have shown 
a willingness to work and a sustained 
enthusiasm which augurs well for the 
final outcome. 

This program is particularly inter- 
esting as an educational experiment 
because of its much greater length than 
any other types of in-service war train- 
ing courses and the unusually close co- 
operation between industry and educa- 
tion which has existed throughout its 
development. A third aspect of the 
experiment is the bringing of women 
into the engineering field which here- 
tofore has been held by many to be 
man’s sacred domain. It is interest- 
ing to speculate on this latter point 
and its effect on post-war engineering 
training and practice. 

The development of the various 
phases of the war training program 
has certainly built up a closer codpera- 
tion between industry and the Univer- 
sity than has ever existed in the past 
and it is hoped that the benefits of this 
coéperation may be carried over into 
the post-war period. The immediate 
purpose of the program has of course 
been one of getting the training job 
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done as. quickly and as effectively » 
possible but there is much that shoulj 
come out of these experiences whidh 
will be of lasting benefit to both indus 
try and education. 

It is more difficult to predict spe 
cific trends in aeronautical engineering 
education as they may influence the 
post-war picture because no one knows 


what the industrial picture itself will 


look like at that time. If definite ap. 
swers were available to the following 
questions, then speculation as to the 
future could be fairly accurate: 


1. Will the post-war aircraft induw- 
try continue to develop on a mag 
production basis? 

2. What are the post-war demands 
for flivver planes and _ helicopter 
likely to be? 

3. How rapidly will our commercial 
air transport systems expand and 
what kind of equipment will they 
use ? 


Any genuine aviation enthusiast ca 
paint a glowing picture yet withal a 
sensible one for the future of aviation 
but at present this can certainly k 
only qualitative. For these reasons tt 
would seem that it is particularly im 
portant that education should strive to 
maintain and increase the close cot- 
tacts with industry developed durig 
the war period. Education must t 
main sufficiently fluid and adaptable 
meet rapidly changing industrial t 
quirements. If this is not done, edt 
cation may find itself facing a sever 
case of “technological unemployment’ 

On the other hand, education mus 
always strive to serve as a balan 
wheel in the engineering training proc 
ess which, after all, only begins in tht 
educational institution. College pre 
grams should certainly not attempt 
follow every changing pattern of 
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tail and style which may exist in in- 
dustry at the moment but rather should 
insist on a building up in the student 
of a firm foundation in the funda- 
mentals of mathematics, chemistry and 
physics. The question of how far to 
go with specialization in undergradu- 
ate work will always be a difficult one 
but can only be answered by carefully 


_ balancing the need for a thorough cov- 


erage of fundamentals and the limita- 
tions of time against the desire of the 
student for specific knowledge about 
his chosen field and the need of in- 
dustry for an engineering graduate 
who can be made immediately produc- 


tive without too long a “breaking in”: 


period. 

As to specific ways in which this co- 
operation might be continued, it is 
hoped that frequent round-table dis- 
cussions will become a regular prac- 
tice as they have been in war training 
activities. Interchange of ideas be- 


tween engineering instructors and in- 
dustrial engineers should not only be 
maintained but a temporary exchange 
of personnel also has many advantages 
to recommend it for serious considera- 
tion. If this can be worked out on a 
more systematic and formal basis than 
by merely having instructors work in 
the plants during summer vacations 
(which are now non-existent!), it 
should do much to aid engineering 
education in improving its product. It 
is understood that some aircraft com- 
panies are already giving serious con- 
sideration to such a plan. 

Whatever may be the nature of aero- 
nautical engineering programs in the 
post-war period, it is hoped that edu- 
cation and industry may continue to 
follow the war-time policy of sitting 
down at a table and trying to work out 
together the best ways of training the 
engineers who must rebuild the world 
of tomorrow. 
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The Curriculum in Engineering Physics 
at the University of Maine* 


By C. E. BENNETT 
Head, Dept. of Physics, University of Maine 


The function of the present paper 
is, as I understand it, to start off this 
symposium on Curricula Leading to 
Degrees in Engineering Physics by 
telling you what has been accom- 
plished at the University of Maine 
since 1937 when its curriculum in 
engineering physics was conceived. 
This was before the days of A.S.T.P. 
At that time physics was not enjoying 
the same popularity that it does 
today. The Physics Department of 
the University of Maine, administered 
in the College of Arts and Sciences, 
had practically no major students. 
Probably 95 per cent or more of its 
work was service work for the College 
of Technology, including the freshman 
course in college physics, which was, 
and still is, an important part of the 
first year’s program common to all of 
the Technology curricula. This was 
about the time when the American 
Institute of Physics was attempting 
to stimulate interest in “Applied 
Physics” following a highly successful 
conference in New York City in the 
Fall of 1936. Many will recall the 
very significant report published soon 
afterwards by the A.A.P.T. Com- 
mittee. 

Several students in our elementary 
course found themselves unable to 


* Presented at the 50th Anniversary Meet- 
ing, S. P. E. E. (Physics), June 19-22, 1943, 
Chicago, Ill. 


elect more physics than the first course 
because of limitations imposed upon 
electives by the specialized require 
ments of the various Technology cur 
ricula. Indeed, a tendency towarl 
over-specialization in the various tra 
ditional fields of engineering is, in my 
opinion, one of the strongest argu 
ments we have in favor of engineering 
physics. In this instance an oppor 
tunity arose to suggest to the at 
ministration of the University a new 
curriculum, offering to give what 
certain selected and serious students 
wanted, namely, a more general type 
of engineering course, one based more 
upon fundamental science and mathe 
matics than the conventional ones 
Incidentally, the prospect of making 
the Physics Department more useful 
generally to the whole University was 
not to be overlooked. 

Our proposals, incorporating specific 
recommendations of the Americaf 
Institute of Physics as well as thos 
of friends in industry, were approvel 
by the University and the new cur 
riculum called engineering physics was 
instituted under the auspices of the 
College of Technology in the Spring 
of 1938. The plan called for the 
closest possible coéperation betweet 
the deans of the two colleges com 
cerned and the Department of Physics 
I am happy to report that this close 
coéperation still continues and the 
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arrangement, crossing college lines as 
it does, has nevertheless proved very 
satisfactory. I quite agree with a 
remark once made by Professor Bid- 
well of Leigh University that such a 
curriculum must be administered 
under the auspices of the College of 
Technology. I do not believe that it 
can develop successfully in an Arts 
and Science college if, in the same 


‘university, there is a College of 


Technology. 

Since the inauguration of the pro- 
gram, from eight to fifteen students 
per year have started the sophomore 
work in this curriculum. Six of the 
first class graduated two years ago, 
and, except for the two who went 
directly into the Army via advanced 
R.0.T.C., they found immediate em- 
ployment. Needless to say, the men 
this year received numerous offers 
apiece. In this respect also, we find, 
as has been discovered at Lehigh and 
other places, that, in general, the men 
are good students and are eagerly 
sought by industry. 

In this connection it is lamentable 
to note that five of our next group of 
seniors have been taken from us by 
the Army for no other reason than 
that they were in advanced R.O.T.C. 
They are not being allowed to com- 
plete their senior year, which act 
would, I feel sure, make them far 
more valuable to the country in the 
war effort. Furthermore, five of our 
incoming juniors, including the best 
student in the class, have been called 
into the Army via the Enlisted Re- 
serve Corps. On the other hand, the 


incoming sophomore class numbers 
eleven, which represents a very much 
larger percentage of the present re- 
duced registration of the college, and 
indicates the ever increasing interest 
in the curriculum. 


Although the recent physics regis- 
tration for the summer term was very 
gratifying, the question is nevertheless 
raised as to whether or not the 
curriculum, important as it seems to 
be in this “physicists’’’ war, will be 
able to survive. It is necessarily a 
small group, only thirty to forty 
students at one time, and it can easily 
be wiped out by the unwise dissipation 
of the few physics students available 
before they have completed their 
undergraduate work. On the other 


hand, relatively few colleges and uni- 


versities have more physics majors 
than this and it may be hoped that 
the Army will include every institu- 
tion with an engineering physics cur- 


riculum in its advanced A.S.T. Pro- 


gram. 

As to the content of the curriculum, 
our desire was to incorporate such 
courses as would provide a_ basic 
program in engineering science, 7.e., 
physics, mathematics and chemistry, 
and then to provide each student with 
the opportunity and obligation to 
elect, under our supervision, such 
traditional engineering courses as 
would enable him to work up a strong 
minor in one or more branches of 
engineering. Schedule complications 
dictated some of the choices and gen- 
eral college requirements such as 
junior year mechanics (engineering), 
public speaking, and second year 
English accounted for others. We 
also deliberately included machine 
tool laboratory because it was strongly 
recommended by our friends in in- 
dustry. 

We have tried to overcome a com- 
mon criticism, which we think de- 
serving, that physics courses are often 
too abstract. Physics teachers are 
sometimes more concerned with the 
derivation of a certain relationship 
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than with the significance of the result 
once it is obtained. We have also 
tried to overcome an objection which 
has justly or unjustly been levelled at 
“General Engineering,’ that it pre- 
pares for “nothing in particular.” 
We virtually require, in addition 
to the specialization in engineering 
science, the development of a strong 
minor in something else. But above 
all, we try to keep in mind the fact 
that our students are engineering stu- 
denis, not students attracted away 
from engineering and drawn into pure 
science. We believe we are making 
better engineers out of this relatively 
small selected group by emphasizing 
the science behind engineering and 
postponing some of the specialization 
in college years. We further believe 
that this program makes them more 
adaptable to their first job. We feel 
that no one can predict exactly what 
their first job will be, and so we 
cannot prepare specifically for it. 
The physics courses in the curricu- 
lum start with intermediate general 
physics supplemented by laboratory 
work. This course was described at 
the Pennsylvania State College meet- 
ing of this Society (June 1939) and 
is written up in the JOURNAL OF 
ENGINEERING EpucaTION (Vol. XXX; 
No. 8, April 1940). This course not 
only reviews the topics of the first- 
_year course—and it is my opinion 
that most physics teachers definitely 
underestimate the need for such a 
course, relying too much on the ability 
of the average student to master 
general physics in one year—but sup- 
plements the material by a more 
mathematical presentation to a smal- 
ler and more interested group. This 
prepares the way for advanced courses, 
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which in our plan are one-semeste 
courses. We believe that the ad. 
vanced college physics courses shoul 
take the student fairly well through 
most of the conventional fields of 
physics and should not be limited t 
one or two fields even if these can be 
much more completely covered by g 
doing. In other words, we appeal for 
more single-semester advanced courses 
instead of a few whole-year courses, 
and wish more textbooks were written 
for semester courses. 

The curriculum for the last two 
years is really a skeleton curriculum 
comprising at least one basic class 
room physics course during each o 
the four semesters and supplemented 
by .numerous electives. The fou 
classroom courses which we consider 
basic are electricity and magnetism, 
practical optics (Hardy and Perrin), 
modern physics and thermodynamic. 
In addition to these classroom course 
we require an advanced laboratory 
course in electrical measurements, and 
senior laboratory. The second s 
mester of the latter course has, until 
this year, been a senior thesis cours 
in which some project is worked up. 
Due to the difficulty in getting me 
terials and equipment, however, thesis 
work has been supplanted for the 
duration by a second semester d 
advanced laboratory. Certain ele 
tives in physics are also approved 
The course in electronic phenomena, 
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incidentally, which has been offered 
in alternate years might just as wel 
be considered a requirement in view 
of its present popularity. Coursesil 
sound and mathematical physics have 
also been given in the recent past. 

A detailed list of the courses in the 
curriculum follows: 
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UNIVERSITY OF MAINE 
CURRICULUM IN ENGINEERING PuysIcs 
Leading to the Degree of Bachelor of Science in 
Engineering Physics in the College of Technology 
(Revised July 1943) 

This curriculum is an answer to the growing demand on the part of industry for college 
men trained in physics in an engineering atmosphere. It recognizes the fact that for certain 
students undergraduate specialization in a single engineering field is not a rigid requirement for 
success in industrial work. This program is basically one of applied science supplemented by 
astrong minor in one or more of the well defined engineering fields. It is developed around a 
framework of required courses in intermediate and advanced physics, mathematics, and chem- 
istry in addition to certain strictly engineering courses, some required and some elected in the 
last two years. Thus the emphasis is placed upon both engineering and physics. 

The curriculum is also suited for those students who, by virtue of their ability and interest, 
are preparing to do graduate work. 
FRESHMAN YEAR 
Fall Semester Spring Semester 
Hours Hours 
Lab, 
Rec. or Cr. Rec. or Cr. 
Subject Comp. Subject p. 
Ch 1 Gen Chemistry......2 4 4 Ch 2 Gen. Chemistry..... 
Eh 1 Freshman Comp.....3 0 3 Eh 2 Freshman Comp.....3 0 3 
Md 1 Funds. Draft........ e 42 Md 2 Ely. Mach. Draft...0 4 2 
Ms 1 Trigonometry....... Ms_ 6 Anal. Geom......... 
Ps  2bGeneral Physics.....4 2 5 
Ps ib General Physics..... Pt 2 Phy. Education..... 
Pt 1 Phys. Education....0 2 0 Ge 6 Orientation......... ee 4 
Ge 5 Orientation......... 4 
20 
20 
SopHOMORE YEAR 
Fall Semester 
Hours Hours 
Ree. or Cr. Ree. or Cr. 
Subject Comp. Subject Comp. 
‘Es 1b Prin. of Econ........ Ch 40a Quant. Anal........ 
‘Gm 19 German for Chemists3 0 3 *Es 2bPrin. of Econ........2 0 2 
Me 9 Machine Tool Lab... 0 44 1} *Gm 20 German for Chemists3 0 3 
Ms 7 Diff. Calculus....... 7 Me 10 Machine Tool Lab...0 44 14 
Military.....:...... Ms_ 8 Int. Calculus........ 
Ps 17 Intermed. Physics...3 2 4 Mt 4 Military............ } ie eee 
Pt 3 Phys. Educ......... ae Ne Ps 18 Intermed. Physics...3 2 4 
Sh 1 Pub. Speaking. ..... Pt 4 Phy. Education..... 2 
194 204 
* Suggestions for Electives * Suggestions for Electives 
As 15 Gen. Astronomy....3 0 3 Ps 10 Meteorology........ $0.53 
Md 3 Des. Geometry...... O23 Ps 32 Photography........ 2328 
* Substitution may be made for courses marked * or they may be postponed with the ap- 


Proval of the department head. The student who may continue with graduate work is strongly 
advised to take at least one year of German. If Ee 1p, 2p is elected, it should be followed by 
Ee 15, 16 instead of Ee 35, 36. 
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YEAR 


Lab. b 
Rec. or Cr. Rec. or Cr, 

Subject Comp. Subject Comp. 
*Ch 71 Phys. Chem. or..... 2 6 (5). Ch 72a Phys. Chem. or..... 2 23m 
*Ee ip Els. Elec. Eng....... *Ee 2p Els. Elec. Eng....... 2 
5: Tech. Ch 84 Metallurgy......... 3 O@ 
*Gm 21 German for Chemists3 0 3 Eh 10 Modern Lit......... 2 Os 
Me 53 Mechanics.......... o.3 *Gm 22 German for Chemists3 0 3 
Ms 57 Eng. Math.......... a. Be 8 Me 54 Mechanics.......... 0 3 
Sa Ms 58 Eng. Math.......... 3 

Additional Suggestions for Electives Additional Suggestions for Electives 
ChE 33 Elem. Stoichiometry.3 0 3 Ce 2 Plane Surveying..... 13 $4 
Me 21 Mats. of Eng....... a ee Me 22 Els. of Mech.Eng....2 3 
Me 41 Mech. Laboratory...0 3 13 Me 44 Heat Engineering....3 0 3 
Me 43 Heat Engineering....3 0 3 Me 46 Heat Power.........3 0 3 
Py 1 Gen. Psychology....2 2 3 Py 2 General Psychology.2 2 3 
SENIOR YEAR 
Fall Semester 

Hours Hours 

b. Lab. 
Rec. or Cr. Rec. or Cr, 

Subject Comp. Subject Comp. 
*Ch 51a Organic Chem....... *Ee 36 Alt. Current........ 2 0@ 

ee. 40 DC, and 
Ps 69 Mod. Physics....... ame a *Ee 38 Electrical Lab....... 0 tom 
Ps 81 Adv. Lab. Phys...... Ar 3 Ps 50 Problems (Thesis)... Ar 3 
6 Ps 62 Heat and Thermo- 

3 
*Ps 82 Adv. Lab. Phys...... Ar 3 

9 

Additional Suggestions for Electives Additional Suggestions for Electives 

Ce 35. Hydraulics. ........ ChE 76 Els. of Chem. Eng...3 0 3 
ChE 75 Els. of Chem. Eng...3 0 3 ChE 82 Chem. Eng. Lab..... 1 44 
ChE 81 Chem. Eng. Lab..... Ea Ee 16 Elec.Cir.and Mach..3 3 # 
Ee 15 Elec. Cir.and Mach..3 0 3 Me 92 Aerodynamics....... 3 
Ps 58 Math. Physics...... 3 O@ 


Ps 66 Electronic and Ther- 


Ps 61 Adv. Meteorology... 3 
mionic Phenomena.. 3 0 3 


A total of 143 semester hours exclusive of Military Training 1, 2, 3 and 4 and Physial 
Training is required for graduation in the College of Technology. The above courses in Dra¥® 
ing, English, Public Speaking, and Military Science also comply with college requirements. 


* Substitution may be made for courses marked * or they may be postponed with the ap 
proval of the department head. The student who may continue with graduate work is strongly 
advised to take at least one year of German. If Ee 1p, 2p is elected, it should be followed § 
Ee 15, 16 instead of Ee 35, 36. 
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It is to be noted that most of the 
elective courses in the curriculum are 
strictly engineering courses. Thus 
the curriculum might well be called 
engineering and physics, because the 
physics courses are for the most part 
very similar to those ordinarily to be 
found in college physics programs. 
It really is engineering and physics. 
This emphasizes a point already made, 
that the students are engineering 
students. 1am convinced that unless 
the engineering aspect of the program 
is kept constantly before the student, 
no such program as this will survive. 
Itis my.further observation that even 
in the advanced courses the so-called 
practical topics are of more interest 
to these students than the more 
abstract ones. In fact, I am not at 
all sure but that the course in modern 
physics, ordinarily thought of by 
physics instructors to be the course 
most likely to interest the student, 
may actually be the least interesting 
to some of these students. 

I think it can be readily appreciated 
that one of the problems is the matter 
of student schedules, but since most 
of the engineering courses are usually 
scheduled fairly rigidly, it is quite 
possible by careful planning on our 
part to get all the physics courses in. 
One feature which has undoubtedly 
contributed to the success of the 
program so far is the fact that each 
student’s entire course program is 
worked out by personal conferences 
with a single adviser, the department 
head, who handles all the registration 
details, Although this is time-con- 
suming, it has the advantage of 
keeping him very close to the students 
and that is exceedingly important. 
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The problem here is, of course, that of 
working up for each individual stu- 
dent the engineering minor which is 
largely an elective matter. 

In conclusion, I am prompted to 
interject a comment regarding the 
possible fate of such curricula as the 
one just described. It is our opinion 
that the time has come to re-open 
the question of accrediting engineering 
physics in engineering colleges. Many 
of you may recall that this question 
was discussed at the summer meeting 
of this Society several years ago. At 
that time it was concluded that 
physics was not advanced to the point 
where recognition could be granted 
by such a group as the E.C.P.D. 
But I wonder if the situation is not 
different now. The curriculum just 
described seems to appeal to industry 
on a par with electrical, mechanical, 
civil and chemical engineering. The 
last report of the E.C.P.D. included 
“general engineering”’ on the approved 
list for many institutions. Certainly 
engineering physics, as it is interpreted 
and developed at the University of 
Maine, deserves as much considera- 
tion. In fact, it has many of the 
characteristics of general engineering, 
while at the same time it carries the 
student farther into the science behind 
engineering, and, for a selected group, 
has its definite place in the offerings 
of the engineering college. Further- 
more, it would seem that the position 
of physics in the present war is such 
as to make the immediate future the 
logical time to reconsider the question 
of placing engineering physics right 
on a par with the other recognized 
branches of engineering. 
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In approaching a discussion which 
permits differences of opinion, candor 
and discretion combine to suggest the 
wisdom of prefacing any discourse 
with a statement to the effect that 
what is set forth is intended as an 
expression of personal belief or con- 
viction submitted purely as one man’s 
opinion. Such is the following pres- 
entation which contemplates the role 
of education and the responsibility of 
the engineering educator in preparing 
the Engineer of tomorrow for public 
service. In order to develop this 
theme some thoughts, relevant to 
education in general as fundamental 
to the scholastic training of engineers, 
are in the speaker’s opinion war- 
ranted. 

Nineteen centuries ago, according 
to tradition and sacred history, there 
occurred near Rome an incident which 
has come down through the years to 
be beautifully recounted and en- 
shrined in the annals of literature by 
_Sienkewiecz, the Polish author. A 
challenge, in the form of an inquiry, 
has served to immortalize the inci- 
dent, “Quo Vadis’ —‘‘Whither Goest 
Thou.” One could, today, in all 
propriety, issue a similar challenge 
concerning human society. Quo vadit 
illa—whither is it tending and what is 
its goal? Are its multitudinous en- 

* Presented at a meeting of the Middle 
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deavors conducive to a higher civiliza- 
tion or does the very multiplicity of its 


elements presage chaos? Can mag ¢ 
force a decision or is the denouement§ . 
beyond his ken and power? . 
It is perhaps redundant to suggest T 
that Society today is a highly mechan § P 
ized, interrelated gregarious collection : 
of human beings. That it is the best e 
possible form of existence no ome pS 
contends. 
Man’s progress in knowledge of the i 
physical universe and in the resultamt§ 
material developments has not been§ ¢, 
accompanied by pronounced moral pr 
or ethical advances. Unfortunately§ .. 
neither the realm of spiritual under 44, 
standing nor the capacity to inhent® 
wisdom has been appreciably e&§ yj 
panded since the advent of the Chris § tr 
tian era. Let him who questions ths tio 
reflect that concerning the whence ani § of 
why of man’s existence, the when am ag, 
where of his departure, the essem@™ Ho 
and nature of his soul, the philosophy§ for 
of life, or the regulation and conti the 
of his passions—he is no farther at§ 1 
vanced nor better informed than is 
the great thinkers of 2,000 years ago pul 
The intangibles of life are as elusiveas™ deb 
ever. Men still preach and promis the 
millenniums unmindful as ever Wor 
their inability to unify subjective anig alte 
objective nature. Perhaps the great mel 
est need of mankind is the light # je 


appreciate that while civilization he 
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changed human nature has not—at 
least not to an appreciable degree. 
Submitting that the civilization of 
the moment springs primarily from 
the application of science to the 
aspirations of men, the engineer as the 
instrumentality of such civilization 
looms as the least dispensable servant 
of the present material society. Ac- 
ceptance of this role implies responsi- 
bility and qualification adequate to 


city of its improve and ameliorate those condi- 
Can mang tons which give rise to human misery. 
nouenll The process of preparation for a role 
is primarily that. termed education. 
| The results of such preparation de- 
0 ue he validity of the 
; mech pend largely upon the validity 
»_& process. What of the aims, accom- 
the best pis ments and tec niques 0 uca 
‘ tion as generally manifest? To what 
| ‘MO ONT extent has education fulfilled its role 
as pedagogue leading the children of 
ige of the successive generations to the school, 
resulta or arena, of life? there justification 
not bet for the contentions of its militant 
ed moral proponents who, like unto the advo- 
rtunately § cates of every social order, make of it 
al under. the panacea for all the ills that beset 
to inherit society. Not even religion promises 
ably 8 with so much assurance. Is it not 
he Chris true that formal or scholastic educa- 
tions this tion must accept at least a measure 
nence al of responsibility for current offenses 
when ami against peace, justice and morality? 
e essem@§™ How otherwise can it justify its claim 
hilosophy§ for recognition on the credit side of 
d contrl§ the ledger of human society? 
rther at The subject of post war education 
than wet! is presently running the gamut of 
years ago public and private discussion and 
elusivease debate. In every proposal concerning 
1 promis the kind of community, nation and 
ever dp World that will, or should, prevail 
ctive ani alter the close of hostilities, there is 
the great Mcluded the item of education as a 
» light tw SMe qua non of the social justice and 


ation ha ®Onomic equality promised for to- 
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morrow, generally with but little 
regard for the lessons of history. 
After traveling several thousand 
years with education constantly ad- 
vancing and the scope and horror of 
war continually expanding, society 
might well inquire, without being too 
facetious, what is the relationship, if 
any, between strife and education? 
In the light of experience, can it be 
justly contended: 
1. That war is inevitable and that 
education has no influence upon it; 
2. That education begets war; 
3. That education can prevent or 
alleviate war. 
If one accepts either of the first two 
opinions, the third is automatically 
excluded. If on the other hand, one 
postulates the last belief, then that 
which parades as education is mis- 
named. Without benefit of thissome- 
what specious reasoning one can none 
the less contend that—if we wish to 
hold to the belief that education can 
be a factor incident to the promotion 
of tranquility and forebearance, a 
review of its present forms and 
methods should be undertaken ere 


-embarking on the mission of assuring 


peace and plenty to a troubled world. 

An appraisal of education is not 
alone a desideratum but a challenge 
to society in general and to the 
educator in particular. What is edu- 
cation? What are its functions? 
What are its limitations? Is it a 
panacea for the ills, social and eco- 
nomic, that plague the body politic; 
shall it accept empiricism as the sole 
basis of truth or shall it recognize the 
a-priori principles and methods of 
transcendentalism ; should it stress the 
use of deductive or inductive processes 
or should it combine them in its 
pursuit of knowledge; should it bar 
revelation from the realm of its juris- 
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diction; is pragmatism a justifiable 
basis for individual or mass conduct; 
can it accept, for example, that 
philosophy, as etymologically defined, 
is love of wisdom, or must it follow 
the example of Herbert Spencer and 
expend two thousand words in the 
form of a dissertation that confuses 
rather than defines philosophy? Do 
studies in the so-called humanities 
develop true culture more readily than 
similar efforts in the field of science? 
Has not the term science been so 
prostituted as to practically nullify 
its significance in the realm of knowl- 
edge? Can education expect to com- 
prehend and explain human nature in 
the manner and to the extent that it 
does physical nature? Should not 
education aim first to make men good 
rather than fit? These are but a few 
of the fundamental propositions that 
call for the reflection and decision of 
him who, seeking to demonstrate the 
effectiveness of education, should first 
establish the same upon a more 
enduring basis before attempting fur- 
ther expansion. Perhaps the answers 
in many, if not most, instances will 
prove to be no more conclusive than, 
if as wise as, the statement of St. 
Augustin—‘Who knew, in his own 
mind, what time was; but knew not 
when asked to define or explain.”” In 
any event, the responsibility that 
accompanies education as a process 
justifies a thorough review of its 
present precepts and forms regardless 
of the conclusions that might be 
forthcoming. 

In the light of the opinions offered 
and the questions posed, the speaker 
would submit several concrete sug- 
gestions with which to justify his 
Socratic attitude toward education as 
a process. These include 

1. Education is a means toward, 
and neither the end nor the essence of, 
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human enlightenment; nor should 
form be substituted or mistaken for 

the substance of education. F 

2. More and more scholastic train. § 


ing is not per se the remedy for 
unsatisfactory social conditions. ff 
the medicine previously administered 
has proved unequal to the occasion, 
it is a change of prescription, rather pe 
than increased dosages of the ineffee § 
tive potion that should be considered. §  ¢ 
A re-orientation of formal education, § y, 
with emphasis on making man goodas fj 
well as fit is a sine qua non of anf x 
enduring society. Order, peace, jus § ty 
tice and stability cannot prevail with- § go 
out the general acceptance of un 
changing moral values, high ethical § 
standards and the correct application § 9 
of knowledge. an 
3. Peace and contentment are not § ap 
inherent in knowledge or its handmaid jy. 
education. Let us suppose for af 4 
moment that all mankind were poe § kp 
sessed of baccalureate degrees. Would § fe, 
society be one whit nearer to an§ isn 
optimum of peace on earth or the § an 
elimination of mental pain and sor § py 
row? Would the universal possession § ga; 
of doctorates eliminate differences of § ori; 
opinion? Do professors manifest love, § op; 
hate, ambition and intolerance toa§ mo 
lesser degree than laborers? Woulda§ |m, 
state of deans and prexies be a happiet § bet 
one than that of farmers and met § phy 
chants or even of Kaffirs and Eskimos? orig 
Is there not greater evidence of true § inf, 
philosophy in the social and moral gcie 
practices of the ancient Chinese amd Aca 
Hindus than is found in most Octt § em; 
dental learning? Indeed, is there not® ang 


depth in the poetry of the self-trainel § aut} 
but great scholar who so aptly said § prey 
in verse: of t 
Lo! The poor Indian—whose untutored § Step 

mind of s« 


Sees God in clouds or hears him in the 
wind; 
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His soul proud science never taught to 
stray 

Far as the solar walk or milky way; 

Yet simple nature to his hope has given, 

Behind the cloud-topped hill an humbler 
heaven. 


4, The true purpose of education is 
not the achievement of man’s inde- 
pendence but, rather a fuller appre- 
ciation, of his dependence upon the 
source from which emanates the uni- 
versal laws and proscriptions which 
circumscribe his attainments and re- 
strict his independence to moral con- 
trols and the common welfare of the 
society of which he is a member. 

5. The promiscuous use of the term 
science has well nigh destroyed its 
connotation. Since Herbert Spencer, 
and it is from such sources that the 
abuse of the term finds scholastic 
justification, defined science as simply 
a higher development of common 
knowledge, the propounders and pro- 
fessors of well nigh every ology and 
ism have sought, first respectability 
and then, approval for their theories 
by attempting to clothe them in the 
garb of immutability. This indis- 
criminate use of the term is, in the 
opinion of the speaker, one of the 
most baneful influences of the times. 
Immature minds do not distinguish 
between the validity of objective 
physical science and subjective the- 
ores. To them both are equally 
infallible once they are presented as 
science. The establishment of an 
Academy of Science, composed of 
eminent scientists, engineers, doctors 
and scholars, and cloaked with the 
authority to restrict the use and 
prevent the misuse and exploitation 
of the term, would be a real forward 
step in education and in the protection 
of society. 

6. The term academic freedom has 
become a by word that oft times serves 
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strange and questionable causes and 
frequently imputes unwarranted mar- 
tyrdom to certain persons. No one 
questions the civil right to individual 
opinions and convictions and the right 
to express the same, except where 
actually dangerous to the rights of 
others. However the right to use the 
class room provided by public funds, 
especially where youth is concerned, 
for unrestrained dissemination of per- 
sonal doctrines and ideas contrary to 
public standards of truth and morality 
and provocative of crime or disloyalty, 
is no more justified than the right of 
a doctor to engage in abortive or 
criminal practice. If academic free- 
dom is to be circumscribed only by 
personal opinion, why not extend 
complete professional freedom to doc- 
tors, engineers, chemists and others 
by permitting them unrestrained use 
of individual judgment in matters of 
human life and property entrusted to 
their care? Abuse of right and privi- 
lege, whether in education, medicine, 
engineering or any other calling, is 
unwarranted and the limitations of 
academic freedom should be recog- 
nized as inseparable from its existence. 

So much for the process called 
education. Whether justly or other- 
wise, a substantial part of mankind 
believes that it can develop a new 
society from which will flow the 
blessings of social justice. Such is 
indeed a consummation devoutly to 
be wished. In any event the concepts 
and methods incident to its practice 
are the concern of all men and merit 
their attention. Educators, including 


those in specialized and professional 
fields, have an additional responsi- 
bility. This is particularly true in 
the case of the engineering educator, 
for upon him devolves a dual role. 
He must teach men the subject matter 
of engineering. He must also teach 
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them how to use and not misuse 
science. Preservation and promotion, 
not the destruction, of human society 


must be the motive behind the prac-_ 


tice of the professional engineer. 
Again one is prompted to inquire, 
this time, concerning engineering edu- 
cation. Leaving its relation to engi- 
neering practice for later consideration 
one may opportunely ask: What of 
its processes and trends generally? 
What subject matter should it com- 
prehend and how shall the same be 
ascertained? To what extent can 
scholastic training furnish the neces- 
sary preparation and how must this 
be supplemented by individual char- 
acter, aptitude, endeavor and experi- 
' ence? How well is engineering edu- 
cation today fulfilling its role of 
mentor to the engineer of tomorrow? 
Much has been written and more 


spoken on these topics during recent 


years. Various schools of thought 
have given voice to their views. 
Hence it is probable that more engi- 
neering educators have definite and 
justifiable opinions concerning engi- 
neering training than they have on 
the more general subject of education 
itself. Yet as teachers, it is obvious 
that they, too, apply the techniques 
and methodology of basic education. 
For example, during the past century 
form has become almost a fetish in 
the development of institutional in- 
struction and engineering schools as 
a whole conform to practices that 
frequently tend to make of the indi- 
vidual an omnium-gatherum rather 
thanathinker. Fortunately the very 
nature of scientific application calls 
for demonstration, hence the training 
received by the engineer compels the 
reflection incident to proof. Thus 
while engineering training may have 
escaped some of the defects inherent 
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in present educational form, it is 
perhaps due to accident rather than 
design that it does so. 

In keeping with general practice, 
the tendency in engineering education 
has been toward division and special- 
ization. This, together with the for- 
mation of societies restricted to spe- 
cialized practitioners, has confused ' 
the public and given rise to the 
common opinion that engineering is a 
heterogeneous combination of callings 
rather than a single profession with 
specialties comparable to those of law 
and medicine. Furthermore, this 
process has encouraged and justified 
the indiscriminate use of the term 
engineer through the application of 
dozens of descriptive qualifying words 
such as custodian, exterminating, hu- 
man, etc. The practicing engineer 
and the public, often in the face of 
actual opposition from certain tech- 
nical societies and engineering schools, 
have finally, through the medium of 
professional practice acts and pro- 
fessional societies, halted this trend 
and their efforts are well on the way 
toward establishing the unity of 
the profession. Engineering schools 
should collaborate in establishing 
basic unity for the calling of engi- 
neering. 

There are some wide differences of 
opinion concerning the subject matter 
that should be included in engineering 
curricula. There are also differences 
concerning the manner in which the 
same should be taught. Should engi- 
neering courses be uniform? Should 
they place greater emphasis on the 
humanities and if so should this be 
accomplished by expanding courses 
or curtailing technical subject matter? 
Should such studies be pursued prior 
to, coincidently with, or subsequent 
to, engineering subject matter? The 
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answers to such questions can only be 
ascertained from experience and such 
experience must come from public 
and professional sources. Here again, 
these sources have provided the means 
for ascertaining the range and amount 
of education that should be provided. 
The method should remain the prov- 
ince of the school. In the future the 


Registration Boards in the several - 


states will determine whether or not 
the candidate for admission to the 
practice of engineering possesses the 
essential character and knowledge to 
justify entrusting him with the pre- 
rogatives of a professional man. It 
remains for the practicing engineer, 
through public agencies, to determine 
and maintain the required standards. 
It remains for engineering schools to 
establish such curricula as will ade- 
quately prepare the student to meet 
public standards. Those who fail to 
provide the essential education will 
soon fall by the wayside. 

Can schools complete the education 
ofanengineer? One is safe in answer- 
ing negatively. At best, they afford 
the shortest and safest road toward 
the objective of professional practice. 
They are a means and not the end 
and no amount of scholastic prepara- 
tion can supply the character, judg- 
ment and experience indispensable to 
the assumption of major responsibility 
for life, health and property affected 
by practice. However, scholastic 
training can furnish the general basic 
knowledge, develop the incentive to 
apply the tools of nature, indicate the 
accepted processes of thought and 
inspire the spiritual influences for 
moral action, all distinguishing fea- 
tures of sound education of whatever 
sort. 

Accepting accomplishment as evi- 
dence, and surely there is no better 
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measure, engineering education has to 
date fulfilled its specific role to an 
extent unexcelled by any other scho- 
lastic endeavor. That role has been 
the training of engineers as scientific 
and technical experts. Until recently 
little thought has been given to pre- 
paring the engineer for administrative 
and political roles. With the increas- 
ing dependency of society upon the 
provisions of applied science the re- 
sponsibility of the engineer can no 
longer be restricted to the building of 
material civilization. He must help 
to administer the society for which he 
is so largely responsible. He must 
do so:—to progress the march of 
mankind by providing an understand- 
ing leadership; to prevent the misuse 
and exploitation of his contributions 
to society; and last, but perhaps not 
least, to protect himself against in- 
tolerant ignorance that would con- 
demn him for his contributions to 
human welfare and relegate him to a 
subordinate role in the affairs of 
government and industry. How may 
his proper role be assured? The 
answer is undoubtedly to be found in 
the possession of that additional 
training, knowledge and technique 
that will enable him to compete for 
leadership on equal terms with those 
engaged in other fields than engineer- 
ing. It is for this purpose that prac- 
ticing engineers are so insistent that 
more adequate training in the so 
called humanities be required of engi- 
neers for admission to professional 
status and not because of a belief 
that there are any inherent, superior 
moral or ethical attributes attached 
to the study of the said humanities 
as compared with the sciences. The 
ethical standards of the engineer are 
today more rigorously adhered to 
than those of legal and medical 


| 
4 
4 


568 


practitioners. But without the tools 
and skill to apply them to the conduct 
of social units, they remain but sup- 
pressed desires, to use a rather dis- 


credited but easily appreciated phit- 


osophy of action. 

Today the practice of engineering 
is carried on primarily under two 
sponsorships: viz., public service and 
private industry. As time marches 
on the engineers in these services will 
find their efforts directed more and 
more toward similar, if not identical, 
ends. The scope of governmental 
activity and influence is constantly 
expanding. The regulation of indus- 
try by government is continually in- 
creasing. As a consequence, the ob- 
jectives may one day be common. 
The practices and methods of achiev- 
ing ends will become more and more 
alike. Eventually, if such trends con- 
tinue, the two should merge and to 
all intents and purposes the socialized 
state will have arrived, though not by 
the method predicted by Karl Marx. 
While reason might lead to this con- 
clusion, the speaker trusts that the 
idiosyncrasies of the individual will 
prove sufficient to prevent the com- 
pletely socialized state, whether by 
evolution or revolution. Regardless 
of the ultimate, or, perhaps more 
accurately, the penultimate, ante- 
penultimate or even a dozen anterior 
states, the practice of the engineer is 
going to deal more and more with 
matters social; and under the general 
category of social must be included 
legal, political and economic con- 
siderations. 

So far as the engineer in public 
service is concerned, he functions 
through governmental agencies. His 
practice in all instances demands, in 
addition to engineering knowledge, a 
thorough understanding of adminis- 
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trative law, as well as familiarity with 
political, social and economic infly 
ences. Without such the engineer ig 
public service cannot assume any 
degree of responsibility, effect any 
vital work or give decent expression 
to his imagination. To this extent 
must the engineer, who contemplates 
a career in public service, add fo his 
general training. To a lesser extent, 
the same is true of the engineer in 
certain private industries, especially 
those often referred to as_ public 
utilities. Because of the fact that the 
services commonly provided—and all 
too often taken for granted—for urban 
existence are in general furnished by 
municipalities and quasi-public corpo 
rations, the practice of what might 
be termed Municipal Engineering has 
become a definite and increasingly 
large and important field that serves 
to illustrate the career of the engineer 
in public service generally. The plan, 
design, construction, operation and 
maintenance of a city are basically 
physical considerations which call for 
engineering of every type. The prop 
er codrdination and interrelation of 
the physical with the social and 
economic threads of the municipal 
cloth require application of the knowl 
edge and techniques unique to the 
practices of the lawyer, doctor, sock 
ologist, economist, real estate expert, 
business man and others, as well a 
those of the engineer. 

It is perhaps pertinent to touch 
here on a trend which stresses the 
need for emphasis on Municipal Engr 
neering. The present war has demot 
strated that physical rather that 
political units should be regarded 4 
entities for defense purposes. This#s 
equally true of peace time administr 
tion. The adequate planning of mit 
nicipalities will in the future probably 


t 


ing 


| 
ti 
re 
g 
E 
ti 
m 
ta 
ca 
to 
of 
pr 
sp 
ed 
of 
to 


rity with 
lic influ. 
gineer in 
ime any 
fect any 
x pression 
is extent 
emplates 
dd to his 
r extent, 
pineer in 
-specially 
s public 
: that the 
—and all 
for urban 
ished by 
lic corpo 
at might 
ering has 
reasingly 
at serves 
engineer 
lhe plan, 
tion and 
basically 
h call for 
“he prop- 
lation of 
cial and 
nunicipal 
1e knowl 
e to the 
tor, soci 
e expert, 
s well as 


to touch 
asses the 
pal Engi- 
s demon- 
ver than 
arded a 

This is 
ministra 
g of mir 
probably 


WHITHER ENGINEERING EDUCATION 


be on a regional basis. The controls 
will be the physical limitations of the 
area rather than arbitrary political 
lines. Water supply and drainage 
sheds, sanitation, power, communica- 
tions, transportation, traffic and other 
factors of a physical nature will in 
general determine future political 
boundaries. This will necessitate a 
definite and controlling engineering 
influence in the administration of 
government. 

In addition to professional and 
civic arguments, there is an economic 
justification for presenting to students 
of engineering the scope and the 
opportunities of Municipal practice as 
an alternative career to structural, 
hydraulic, mechanical, electrical or 
chemical engineering. It is the speak- 
er’s opinion that the need for the 
techniques of engineering planning 
will shortly be so great as to provide 
an unusually large field for the engi- 
neer who prepares himself for munici- 
pal work. European cities will have 
to be rebuilt and, from present indica- 
tions, comprehensive planning is al- 
ready under consideration. Several 
generations will be required to rebuild 
England alone. New techniques ap- 
plied to housing, traffic problems and 
other prevailing unsatisfactory condi- 
tions, including unstable and insup- 
portable land values, will likewise 
make imperative countless under- 
takings throughout this country. 

The engineer who contemplates a 
career in public service, would do well 
toremember that nearly every branch 
of engineering is involved and that his 
practice may cover one or several 
specializations. His horizon of knowl- 


edge, though less intensified than that 
of other specialists, must be extended 
to include the basic planning, design- 
ing, execution and operation for public 
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utilities and private enterprise as well 
as for governmental agencies. All 
these activities must be planned and 
regulated so as to envision a balanced 
production, distribution, employment 
and economy for the municipality as 
a whole. This is of course an objec- 
tive little likely of more than partial 
realization. The task of the Munici- 
pal Engineer is to coérdinate as well 
as initiate plans and proposals for 
public and private endeavor. Only 
the person possessed of a working 
knowledge of the subjects involved 
can intelligently attack the problem 
of interweaving the factors of Munici- 
pal Existence. Such also is the case 
for the engineer in’ public service 
generally, and, to some extent for him 
in industry. 

This leads once more to the question 
of engineering training and the special 
form or forms that it must take in the 
light of its relation to practice. As 
previously suggested there is practi- 
cally a unanimity of opinion among 
practising engineers that more ade- 
quate training in social, philosophic, 
literary, esthetic, economic and legal 
subjects should be required for ad- 
mission to professional status. There 
is also recognition of the fact that 
there are many essential technical 
services incident to engineering prac- 
tice, which, while calling for the 
application of certain engineering 
principles and techniques, do not 
require the additional training essen- 
tial to those who seek professional 
recognition. On the other hand there 
is a growing field of specialized prac- 
tice which calls for research and 
experience supplemental to that recog- 
nized as minimum for entrance to the 
profession. How best to effect, with- 
in the framework of formal education, 
a plan comprehensive enough to meet 


t 

i 
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these several requirements is a prob- 
lem that challenges engineers, engi- 
neering educators and others inter- 
ested in the future of the profession. 
Many engineers believe further that 
a codification of engineering classifi- 
cations is needed and that a syllabus 
containing fewer and more logical 
subdivisions of what is fundamentally 
one profession should be developed 
for scholastic purposes. The term 
Civil Engineer originally covered all 
the existent branches of the profession 
and was used to distinguish between 
civil and military pursuits. A step 
toward the accomplishment of the 
ends referred to might be found in the 
following educational program: A 
basic course—consisting of a thorough 
training in mathematics, the pure and 
applied sciences, fundamentals of 
engineering theory applicable to all 
branches of engineering and selected 
studies in the humanities—leading to 
the degree of Bachelor of Engineering. 
This would enable the graduate of 
such basic course to seek immediate 
employment in technical and other 
fields of activity where educational, 
but not professional, backgrounds are 
essential. For those seeking profes- 
sional status, additional scholastic 
study covering the specific application 
of science and engineering principles 
to various forms and types of engi- 
neering, together with further investi- 
gation of the humanities, including 
special reference to administrative law 
and to codes of ethics and practice 
involved in the work of a professional 
practitioner, or the equivalent experi- 
ence and knowledge, might be a 
minimum requirement for the desig- 
nation of Civil or Professional Engi- 
neer to be acquired through state 
examination and registration. This 
would approximate an internship or 
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apprenticeship of perhaps two years, 
Further professional post graduate 
study or experience in selected engi- 
neering work could then be required 
for specialist designations such as 
mechanical, electrical, structural, hy- 
draulic, chemical, mining, military 
and municipal engineers with perhaps 
a doctorate as academic or institu. 
tional award equivalent to a Doctor 
of Public Health or of Internal 
Medicine. 

You will note that form has been 
minimized in this proposal. Time, 
credits and other present scholastic 
methods of measuring education 
should be subordinated to accomplish- 
ment. Ability, talent and determi 
nation are not equal in all men. 
Recent army investigations have in 
many cases been most convincing in 
this respect. It is the end for which 
education purports to train, not the 
processes of education that should be 
the criterion of knowledge or attain- 
ment. 

To conclude one might summarize 
by suggesting that while education is 
not and can never be a cure for all the 
social ills born of the emotions and 
imperfections of human beings, it can, 
by reorientation and emphasis upon 
morality, make man more conscious 
of his dependent state in this world 
and aid materially in alleviating hu 
man misery. 

The progress of civilization has been 
confined almost exclusively to ma 
terial advances. Such advances have 
not been accompanied by, nor pro 
vocative of, spiritual progress. As 
the principal cause of modern civil: 
ization, the engineer has a_ heavy 
obligation to society. His participe 
tion in its affairs is indispensable to 
its maintenance and his leadership t 
its future progress. All professions, 
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especially engineering, are approach- 
ing what might be referred to as a 
socialized pattern. Ability to func- 
tion within such framework calls for 
planned education. 

Engineering education, to date, has 
done an excellent job, but within a 
scope too narrow for the role the 
engineer of tomorrow will be called 
upon to assume. Failure to measure 
up to this role will reduce engineering 
to the status of a skilled craftsman- 
ship, subordinated to the policies and 
dictates of others better equipped for 
administrative authority and leader- 
ship in a society composed of fallible 
human beings. To meet the im- 
pending exigencies, engineering edu- 
cation should be revamped in such 
manner as to train men progressively 
for (a) technical performance; (0) 
administrative, as well as engineering, 
responsibility; (c) special scientific 
and research accomplishment directed 
toward constant advances in the 
several fields of engineering, as well 
as qualification for the role of technical 
and professional man. This does not 
for a moment preclude the develop- 
ment or manifestation of talent or 
ability by other means, nor does it 
insure the objectives noted in indi- 
vidual instances. It does purport a 
definite means toward an objective. 

Throughout the educational process 
of training, there should be stressed 
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the fact that engineers are human 
beings whose life- work is among and 
concerned with other human beings. 
Spiritual concepts and values must 
ever be present to prevent the misuse 
and exploitation of science. To make 
man conscious of the fact that there 
are limitations to his role as adminis- 
trator of earthly dominion should be 
no less the aim of education than to 
exhort him to material progress. 
Engineering must be the agent of 
human welfare and its application 
must not be destructive of human 
ends. Finally let us engineers and as 
humans remember that: 


We are but forders in the stream of time 

Spending whole decades vainly feeling for 

A sober stone ere we put forth the foot 

Each clicking of the clock announces 
change 

But only centuries record advance. 


At all times and in all climes it has 
ever been patent that man proposes 
but God disposes and humanity, 
particularly the scientist and engineer, 
can best justify its existence by honest 
endeavor, tempered with humility, 
born of the realization that man is 
cognizant of but a smattering of the 
laws and purposes ordained by the 
Great Engineer from whom emanated 
creation and who holds in the hollow 
of His hand the destiny of the 
universe. 
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The Yale Scholastic Aptitude Tests as Predictors 
Success in the College of Engineering 


By K. W. VAUGHN 


Director, Measurement and Guidance Project in 
Engineering Education 


INTRODUCTION 


The prediction of success in the col- 
lege of engineering is an important 
problem in the selection and guidance 
of students who study for careers as 
professional engineers. While the suc- 
cessful completion of formal training 
prerequisite to professional licensing 
is no guarantee of ultimate success in 
any profession, it is, nevertheless, a 
necessary step in the education of those 
now admitted to practice in most pro- 
fessional fields. Definitive studies of 
student abilities, capacities, and previ-, 
ous achievements as related to success 
in the engineering curriculum can pro- 
vide important implications for select- 
ing and guiding those who propose to 
begin engineering study. 

For a number of years, the E.C.P.D. 
and S.P.E.E. Committees on Student 
Selection and Guidance have conducted 
studies of various types of educational 
measurement most appropriate for 
counseling beginning engineering stud- 
ents. During the academic years 1941-— 
42 and 1942-43, these committees 
sponsored a joint project under the di- 
rection of R. L. Sackett and Allan R. 
Cullimore, committee chairmen. Previ- 
ous discussions of the plans of these 
committees have been presented in this 


JourNat * and in the E.C.P.D. Annual 
Reports. Under this sponsorship, 
Dr. Russell S. Bartlett of the Newark 
College of Engineering administered a 
selected battery of Yale Aptitude Tests 
in a group of codperating colleges and 
universities. Before the study was 
completed, Dr. Bartlett accepted the 
position of Headmaster of the Gun 
nery School and, consequently, some of 
the initial plans for securing validation 
data were altered. The Yale tests havy- 
ing been given, however, the commit 
tee’s immediate responsibility was to 
secure the available measures of fresh- 
man achievement and to determine to | 
what extent the Yale tests were of 
value in predicting success in the engt 
neering curriculum. Validation data 
were secured from the cooperating col 
leges and assembled by the committee. 
These data were then presented to the 
writer for analysis and interpretation 

The purpose of this article is to re 
port the findings of the Committee's 
study of the effectiveness of the Yale 
Aptitude Tests for predicting success 
in the engineering curriculum. It was 


* Russell S. Bartlett, “Guidance and Place 
ment of Engineering Students,” Vol. 33, No 
7, March 1943, pp. 535-51. 

+ E.C.P.D., Tenth Annual Report; pp. 2+ 
22. Eleventh Annual Report, pp. 6-9. 
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prepared for the S.P.E.E. and E.C.P.D. 
Committees on Student Selection and 
Guidance at the request of the two 
Chairmen, R. L. Sackett and Allan R. 
Cullimore. 


THE COLLECTION OF DATA 


Six colleges of engineering codper- 
ated in the project and administered all 
or part of the Yale Aptitude Battery.* 
In three of these colleges, the entire 
battery of six tests was administered 
to all entering students; two colleges 
administered five tests; and the sixth 
college administered only four tests. 
For purposes of this report, the six 
colleges were randomly assigned identi- 
fication letters and are designated as 
Institutions A through F. 

The Yale tests were administered to 
freshman engineering students at the 
six codperating institutions near the 
beginning of the fall semester, 1941. 
Approximately 1,800 students were 
tested in accordance with the proced- 
ures established by Dr. Bartlett and 
the Committee. The test and progress 
records for these students were as- 
sembled and carefully checked. Stu- 
dents with incomplete test records and 
students who withdrew during the 
freshman year for reasons other than 
scholastic failure were eliminated from 
the study. Complete test records and 
verified course marks together with 
general reasons for scholastic failure 
were available for 979 students. 

The Committee originally planned 
to administer a series of objective 
achievement examinations at the end 

* The institutions codperating in the proj- 
ect were Newark College of Engineering, 
Northwestern University, and the Univer- 
sities of Texas, Tennessee, Florida, and 
Missouri. Pasadena Junior College, Pasa- 


dena, California, codperated during the early 
Stages of the project, but did not assemble 
validation data. 
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of the freshman and sophomore years, 
the results of which were to be taken 
with grade-point averages and in- 
structor rankings for purposes of es- 
tablishing reliable indices of student 
achievement. Of these criteria of 
achievement, the only one available for 
research purposes was the marks in in- 
dividual courses. The Committee 
recognized, of course, that the study 
could not be as satisfactory as initially 
planned, but because of the resigna- 
tion of Dr. Bartlett who was in charge 
of the administration of the project it 
was impossible to carry forward the 
original plans for collecting more re- 
liable validation data. 


DESCRIPTION OF THE YALE APTITUDE 
TESTS 


When the Committee instituted the 
present study, it examined a number 
of objective tests which seemed to offer 
possibilities for selecting and guiding 
beginning engineering students. The 
Yale Aptitude Test battery was chosen 
for study. With the advice of Albert 
Beecher Crawford of the Department 
Personnel Study of Yale University 
(compiler of the tests), six tests of 
the battery were selected as likely to 
afford good discrimination between 
aptitudes for several areas of study. 
Dr. Crawford agreed to make avail- 
able for the use of the Committee such 
tests as were necessary for its pur- 
poses. 

The Yale tests employed by the 
Committee are briefly described in the 


following paragraphs.* 


* The identification on numbers assigned 
the tests used in this study do not correspond 
with the notation employed in the Yale Apti- 
tude Battery. The original notation is as 
follows: 

I. Verbal Comprehension 
II. Artificial Language 
III. Verbal Reasoning (not used) 
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Test I—Verbal Comprehension 


This test is a general verbal test 
consisting of three sub-tests; para- 
graph comprehension, word rela- 
tions, and synonyms. The para- 
graph comprehension section con- 
sists of a series of paragraphs in 
which One word destroys the mean- 
ing of the paragraph. The student 
is required to select this word. 
There is no provision in this sub- 
test for measuring the students’ com- 
prehension of the central thought 
of the paragraph other than the 
recognition of a word which is in- 
consistent with the central thought. 
In the word-relations section, the 
student is required to recognize an- 
tonyms and parts of speech applying 
to words whose parts of speech are 
given. Part III is a test of the stu- 
dent’s ability to recognize synonyms 
of given words. 


Test. II—Artificial Language 


In this type of aptitude test, the 
student is supplied with a set of 
language rules and an artificial lan- 
guage vocabulary. In Parts I and 
II of this test, the student is re- 
quired to translate English words 
and sentences into the artificial lan- 
guage and to translate words and 
sentences in artificial language into 
English. In these parts of the test, 
the student is permitted to refer to 
- the given rules and vocabulary, but 
in Part III he must rely on his 
memory of the rules and vocabulary 
presented in Parts I and II. In 
this sense, then, Part III is a very 

good test of the student’s ability to 


IV. Quantitative Reasoning 
V. Mathematical Aptitude 
VI. .Spatial Visualizing 

VII. Mechanical Ingenuity 


YALE SCHOLASTIC APTITUDE TESTS 


remember and apply what he has 
recently studied. 


Test I1I—Quantitative Reasoning 


This is a special type of quantita. 
tive reasoning test. In Part I the 
student is presented with a series of 
paragraphs containing sets of data 
illustrating mathematical principles, 
The student is required to discover 
and apply the principle underlying 
each set of data. Part II is correctly 
described as a number series test, 
The student is presented with vari- 
ous number series and is required 
to select from a given set of num- 
bers the one which applies to each 
series. 


Test IV—Spatial Visualizing 


In Part I of this test, the student 
is presented with various sets of 
cubes and is required to count the 
cubes which fulfill certain specifica- 
tions. In Part II of this test, the 
student is presented with drawings 
of two orthographic views of an ob 
ject and is required to select from 
four suggested views the one which 
applies to the given set of two. In 
the third part of this test, a num 
ber of irregularly shaped figures are 
presented and the student is required 
to recognize combinations of vati- 
ous patterns. 


Test V—Mathematical Aptitude 


This test is a highly specialized 
mathematics test. Part I is cor 
rectly described as a test of ability 
to manipulate algebraic expressions. 
In each case the student is presented 
with an algebraic expression, of 
series of expressions, and is required 
to solve for one unknown quantity. 
Part II is confined to algebraic 
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formulation. In this section of the 
test, the student is required to trans- 
late a verbal statement into an alge- 
braic equation. 


Test VI—Mechanical Ingenuity 


This test is probably better de- 
scribed as a mechanical comprehen- 
sion test. Drawings of mechanical 
devices are presented and the stu- 
dent is required to recognize and 
apply the principles involved. The 
student is also required to solve a 
number of elementary problems in 
kinematics. Performance on this 
test may be indicative of mechanical 
ingenuity (or lack of it) but the 
character of the questions pre- 
sented is quite similar to that em- 
ployed in so-called tests of mechani- 
cal comprehension. 


PERFORMANCE ON THE TESTS 


Performance on the Yale Tests is 
reported in terms of a system of scaled 
scores in which the mean is 50 and the 
standard deviation is 10. This scale, 
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originally adjusted to the ability of 
entering college freshmen, applies 
equally well to engineering students in 
this instance. The mean scores for the 
combined groups presented in Table I 
closely approximate the mean of the 
scale-score system ; likewise, the stand- 
ard deviations of the scores repre- 
sented by these means do not differ 
markedly from the intended standard 
deviation. This can be interpreted to 
mean that, with respect to difficulty, 
the Yale Tests are appropriately ad- 
justed to the aptitudes of beginning 
engineering students as judged by the 
performance of students enrolled in 
the institutions participating in this 
study. 

The intercorrelations of perform- 
ance on the six Yale Aptitude Tests 
employed in this study are shown in 
Table II. The correlations between 
performance on Test ]—Verbal Com- 
‘prehension and the remaining five tests 
in the battery range from .182 in the 
case of Test IV—Spatial Visualizing 
to .382 in the case of Test IJ]—Quan- 
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TABLE I 
MEANS AND STANDARD DEVIATIONS OF SCORES ON YALE APTITUDE TESTS 


Tests 


Institution | N 


Il Ill IV 
Quantitative 
Reasoning 


Vv VI 
Mathematical 


Mechanical 
Aptitude Ingenuity 


60 |52.17 
60 |43.80 
202 |50.83 
201 | ° 


Combined for A 
through F 


| 
} 
I 
Verbal Com- 
prehension Lan ing : 
M o M o M o M M M 
7 147.52 | 8.92 |52.42 | 9.25 |55.05 |10.40 |54.50 |10.81 |57.15 | 8.51 
8 |50.42 |11.09 |52.55 | 9.92 |52.60 |12.54 |54.43 |12.30 |51.35 |10.68 
1 155.40 | 9.97 |60.31 | 9.09 |59.32 | 9.59 |60.47 | 9.74 |57.71 | 9.79 a 
49.04 | 9.15 |52.82 {10.11 |50.38 | 9.75 |52.78 | 9.15 |50.55 | 8.20 ~ 
47.37 | 9.99 |49.84 |10.95 |50.40 {10.64 |54.01 {11.08 |53.19 | 9.23 : 
* 147.74 |10.42 |44.30 | 9.47 |50.50 {11.16 |53.05 | 8.53 
49.77 |10.21 |49.85 |10.45 |52.60 |11.15 |51.77 |11.31 |54.61 [11.12 |53.64 | 9.61 : 
* Not given. 
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TABLE II 
INTERCORRELATIONS AMONG YALE APTITUDE TESTS * 
Tests 
Tests I Il IV Vv vI 
Verbal Art. Quant. Spatial Math Mech, 
Comp. Lang. Reas. Visual. Apt. Ing. 
I. Verbal 
Comprehension 
II. Artificial .349 
Language 
III. Quantitative 382 
Reasoning 
IV. Spatial .182 444 568 
Visualizing 
V. Mathematical 275 480 -686 
Aptitude 
VI. Mechanical .357 .320 .536 .570 .565 
Ingenuity 
Grand Mean 50.0 50.3 52.4 52.0 53.5 52.3 
o 10.2 10.2 10.9 10.9 1532 10.0 


* N = 1,046 except for those correlations involving Verbal Comprehension where 
N = 427. These intercorrelations include the test scores for 67 students .whose academic 


records could not be verified. 


titative Reasoning. _The intercorrela- 
tions among the remaining five tests, 
however, generally exceed .45. The 
lowest correlation of performance on 
any pair of tests (.182) was that be- 
tween Test I—Verbal Comprehension 
and Test IV—Spatial Visualization. 
The highest correlation of perform- 
ance on any pair of tests (.682) was 
that for Test []]—Quantitative Rea- 
soning and Test V—Mathematical 
Aptitude. 

- It is interesting to note that, in this 
case, performance on Test []—Arti- 
ficial Language is more highly related 
to performance on the tests of mathe- 
matical and spatial visualizing ability 
than it is to performance on the verbal 
comprehension test. It does not fol- 
low, however, that student abilities are 
necessarily related in this manner. In 
interpreting correlations of perform- 


ance on two tests, it is necessary to 
maintain an operational point of view, 
defining the results in terms of the 
tests and types of students involved. 
This is especially important since the 
interrelationships among a second set 
of tests purporting to measure the 
same abilities may differ markedly from 
those reported here. In some cases, 
these differences can be attributed to 
the technical construction and 
plings of the particular tests employed, 
rather than changes in fundamental 
relationships among the abilities put- 
portedly measured by the tests. 


GENERAL DISCUSSION OF THE RESULTS 


In this study, the Committee was 
primarily interested in the general ef- 
fectiveness of the Yale Aptitude Bat 
tery for predicting scholastic success 
during the first year of the engineering 


nan 


| 
t 
I] 
I 
’ 
q in 
a 
a 


involved, 


since the 
set 
sure the 
edly from 
ne cases, 
ibuted to 
nd sam- 
mployed, 
damental 
ties 


RESULTS 


ttee was 
neral ef- 
ude Bat- 
> success 
yineering 


YALE SCHOLASTIC APTITUDE TESTS 


curriculum. The Committee was not 
coricerned at this time with the predic- 
tion of success in individual courses 
within this curriculum. The fresh- 
man curricula of the codperating in- 
stitutions were not uniform, however, 
and it seemed desirable to group vari- 
ous courses for purposes of study. 
Three classifications of courses were 
adopted: (1) cultural subjects—Eng- 
lish, history, social science, and other 
socio-humanistic courses; (2) scientific 
subjects—mathematics, physics, chem- 
istry, and other subjects which are per- 
haps properly termed preéngineering 
subjects; and (3) engineering subjects 
—engineering drawing, descriptive 
geometry, engineering problems, and 
similar pre-professional subjects. 

With the grade-point averages in 
the special subject areas and the fresh- 
man average as criteria, the correla- 
tions of test performance and student 
success in the engineering curriculum 
were calculated for a combined student 
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population. The results are presented 
in Table III. It should be pointed out 
here, in all fairness to the tests, that 
this type. of analysis lacks precision.* 
In the first place, the variations in col- 
lege standards of selection are such 
that the true correlation tends to be 
lowered by grouping in this manner. 
In the second place, achievement as 
well as student ability varies from in- 
stitution to institution. On the other 
hand, the increased range of scores 
resulting from grouping tends to in- 
crease the magnitude of correlations 
between the performance on the tests 
and indices of student success. Judg- 


* Such indices of success are not strictly 
comparable from college to college. The 
grade of A in one college may not be com- 
parable with the same grade in a second col- 
lege. Had it been possible to administer a 
uniform battery of achievement tests to all 
students, the results would have become 
strictly comparable. Such results, however, 
would also be an imperfect criterion of stu- 
dent success at the various colleges. 


TABLE III 
CORRELATIONS OF YALE APTITUDE TESTS WITH ACHIEVEMENT IN FRESHMAN CouRSEs * 


Cultural Scientific Engineering Freshman 
Subjects Subjects Subjects Average 
Tests 
N r N r N r N r 
I, Verbal 105 398 120 .299 116 .059 120 .310 
Comprehension 
Il. Artificial Language | 595 356 641 353 610 -238 643 363 
III, Quantitative 595 434 641 483 610 353 643 504 
Reasoning 
IV. Spatial 595 .236 641 364 610 Ail 643 385 
Visualizing 
V. Mathematical 595 373 641 .509 610 387 643 513 
Aptitude 
VI. Mechanical 595 .189 641 312 610 .269 643 .307 
Ingenuity 
_ .*The correlatio1s presented in this table were calculated from combined data for four 
institutions. Insti-ution F was omitted from this analysis since only four of the six tests were 


administered at that institution, 
and elimination policies which tended to reduce 
t Given at three institutions only. 


Institution C was not included because of unusual selection 


markedly the validities of the tests. 
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ing from the subsequent analyses of 
results for individual institutions, it 
appears that the correlations reported 
in Table III may be fairly good esti- 
mates of the test validities. , 

While course grades and eiidindaline 
averages are not the most satisfactory 
or reliable criteria of student success, 
they do represent a crude measure of 
the student’s progress in the engineer- 
ing curriculum. Course grades, being 
unreliable in themselves, are difficult 
to predict with any great precision. It 
is important, therefore, in considering 
the test validities reported in this 
article to recognize the fallibility of the 
criteria employed. There is no reason 
to assume, however, that any one of 
the special criteria of progress, ¢.g., 
grade-point average in cultural sub- 
jects, is more or less reliable than any 
of the others. It follows from this 
that the inadequacy of the criteria in 
no way affects an evaluation of the 
relative effectiveness of the tests of 
different aptitudes. 

Success in such subjects as English 
composition, history, social science, 
economics, and speech involves a cer- 
tain degree of verbal ability. It is to 
be expected, therefore, that tests which 
are highly verbal in character would 
prove of considerable value for predict- 
ing success in such subjects. In gen- 
eral, the results presented in Table III 
bear out this supposition. Perform- 
ance on the tests of quantitative rea- 
soning, artificial language, and verbal 
comprehension is most highly related 
to success in the cultural subjects in 
the engineering curriculum. The 
quantitative reasoning test is heavily 
weighted with the verbal factor, due 
in this case to the nature of the test 
exercises. Although this test requires 
the student to recognize and apply 
mathematical principles, the context is 
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“foreign” to the student.* In_ this 
sense, Test I1]]—Quantitative Reason 
ing resembles Test []—Artificial Lap 
guage. The intercorrelation betwee 
performance on these two tests, in this 
case, was .552, further evidence of the 
overlap of these two tests. 

With respect to predicting success in 
the cultural aspect of the engineering 
curriculum, the two most valid teats 
were as follows: 


Vi 
Conf 
Test I1I—Quantitative Reasoning 43 
Test I—Verbal Comprehension 40 


While the validity coefficients for th 
verbal comprehension test is not high 
it does not tell all the story concerning 
this type of aptitude test. Such tests 
are generally much more useful i 
guidance than this validity indicates 
Verbal tests generally have a negatim 
value for predicting success, that is 
students who do very well on verbal 
tests may or may not succeed in eng: 
neering, but students who do vey 
poorly on such tests rarely succeed i 
any college curriculum, engineering o 


otherwise. It is generally advisable, 
therefore, to include a verbal test i 
a selection battery, even though th 
test does not in itself predict grat 
point averages or other measures 
achievement with high precision. 


*Consider the following sample item 
from this test. 

A series of experiments in a Martian lab 
oratory shows the following relations wha 
Neeters (N) of a gas are observed unde 
different conditions of Wholan (W), @ 
other conditions being equal. 


N w 
(Tabulation) 
34. How many Neeter; are there for 
one Wolan? 


35. What will be the value of Wolan 
16 Neeters are observed? () 
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Tests of verbal ability a: > generally 
more valuable for predicting success in 
the so-called cultural subjects than in 
mathematics and science. The validity 
coefficients presented in Table III con- 
firm previous research in this respect. 

In general, tests of mathematical 
achievement or aptitude have proved 
most valuable for predicting success in 
the first year of engineering education. 
This is to be expected when we con- 
sider that most of the first year of this 
curriculum is devoted to mathematics 
and science, generally chemistry or 
physics. With respect to predicting 
success in this aspect of the curricu- 
lum, the two most valid tests in the 
Yale battery were: 


Valiaity 
Coefficient 


Test V—Mathematical Aptitude Si 
Test [1I—Quantitative Reasoning 48 


In the “engineering” phase of the 
curriculum in the participating col- 
leges, engineering drawing, descriptive 
geometry, and engineering problems 
were the typical subjects. Since these 
subjects involve both mathematical 
ability and spatial visualizing ability, it 
was to be expected that tests designed 
to measure these abilities would prove 
most predictive of success in this area 
of study. The three most valid tests 
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for predicting success in these subjects 
were: 
Validity 
Coefficient 
Test IV—Spatial Visualizing Al 
Test V—Mathematical Aptitude 39 
Test 11I—Quantitative Reasoning 35 


Ranked according to their validity 
for predicting success in the freshman 
year as a whole, the Yale tests arranged 
themselves as follows: 


Validity 
Coefficient 
Test V—Mathematical Aptitude ot 
Test I1I—Quantitative Reasoning -50 
Test IV—Spatial Visualizing 39 
Test II—Artificial Language 36 
Test VI—Mechanical Ingenuity 31 
Test I—Verbal Comprehension 31 


For all tests taken together, the co- 
efficient of multiple correlation as cal- 
culated by the Doolittle method was 
.58 with a standard error of .03. <Ac- 
cording to the theory of probability, 
this validity coefficient will not norm- 
ally be less than .50 or more than .66.* 
Individual tests or batteries whose va- 
lidity coefficients are less than .50 have 
little guidance possibilities. On the 
other hand, validity coefficients of .70 
or over are not ordinarily obtained 
when course marks are used as the 
criterion. 

* By chance alone, the validity coefficient 


would fall. outside this range in only 5 per 
cent of the cases. 


TABLE IV 


THREE-VARIABLE COEFFICIENTS OF MULTIPLE CORRELATION FOR ALL PossIBLE 
CoMBINATIONS OF Two TEsTs AS CORRELATED WITH FRESHMAN ACHIEVEMENT * 


Raw—.413 

Ras—.520 Raws—.514 

Raw—.456 Ra.u—.441 Ra.w—.518 

Ra.w—.542 Ra.w—.530 Ra.w—.554 Rass—.525 

Raw—.374 Raw—.415 Ra.se—.506 Ra.e—.399 Ra.e—.513 


* R412 is the coefficient of multiple correlation for Tests I and II as correlated with freshman 
average. The other entries in this table are read in a similar manner. 


n (W),@ 
here for 

() 
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The multiple regression equation as 


calculated for these data is as follows: | 


Freshman Grade Point Average 
= .142 X,+ .027 X, + .183 X; . 
091 X, + .266 X,—.107 
— 12.471. 


An inspection of Table IV will re- 
veal that each of two pairs of tests 
yields approximately the same validity 
as that yielded by the whole battery. 
These pairs are the following: 


Tests Iand V 
Tests III and V. 


For all practical purposes, a battery 
composed of Tests I, III, IV, and V 
would yield a relatively high validity 
as compared with the entire battery. 
If only Tests III and V were used, the 
diagnostic and guidance possibilities of 
the battery would be greatly reduced. 


VarRIATIONS AMONG INSTITUTIONS 


There is good reason to assume that 
the variations in student selection, cur- 
ricula, and standards of achievement 
in a sample of six colleges of engineer- 
ing are such that they should be con- 
sidered in a study of this type. Con- 
sequently, the foregoing analyses, with 
the exception of calculations of the co- 
efficients of multiple correlation, were 
extended to the data for all institutions 
except Institution F. These analyses 
_ are presented in Tables V through 
VIII. 

It is rather obvious from an inspec- 
tion of these tables that there is con- 
siderable variation in the validity of 
the Yale Aptitude Tests for institu- 
tional purposes, yet these fluctuations 
are to be expected in light of the 
typical variations in policies of admis- 
sion to colleges of engineering. De- 
spite the wide variations in test validity 
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from inst tution to institution, the 
same gen ral patterns of validity are 
in evidence in the results for individ. 
ual institutions. 


TABLE V 


CORRELATIONS OF YALE APTITUDE TEsts 
WITH FRESHMAN ACHIEVEMENT IN 
CULTURAL COURSES * 


Tests 
In- 
stitu-| N I Il Ill IV Vv VI 
tion Spa- 
Verbal} Art. | Quant.| tial | Math.| Mech 
Comp.|Lang eas. | Vis- | Apt. | Ing. 
ual. 
A 60 | .428 | .375 | .482 | .191] .429 | 155 
B 372 | .491 | .260| .238 | 16 
Cc 197 | .307 127 | .261 | .120| 089 | 12% 
D 201 tT 361 455 | .170| .315 | 28 
E 289 T 345 | 410 | .266| .427 | 19 
Composite 
A, B, D, 
and E 398 | .356| .434 | .236| .373 | 18 


*English and speech in all institutions. 
Institution B also offered a social science 
course. 

Not given. 


TABLE VI 


CORRELATIONS OF YALE APTITUDE TESTS 
WITH FRESHMAN ACHIEVEMENT 
IN SCIENTIFIC CouRSEs * 


oma ec 


Tests 
In- 
stitu-| N I II Ill IV Vv VI 
tion Spa- 
Verbal] Art. | Quant.| tial | Math.| Mec 
Comp.|Lang.| Reas. | Vis- | Apt. | Ing 
ual. 
A 60 | .446 | 405 | .564 | .227]| .547 | 
B .230 | 415 | .562 | .450| .464 | 38 
Cc 202 | .191 214 | .363 | .295 | 
D 201 336 | .472 | .273| 446 | 20 
E 320 t 344 | .474 | .408| 545 | 
Composite 
A, B, D, 
and E .299 | .353| .483 | 364] .509 | 3 


* Chemistry in all institutions except Inst 
tution B where physics was offered. It 
mathematics, trigonometry, analytical geo 
etry, and calculus were the typical subjects 

t Not given. 
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TABLE VII 


CORRELATIONS OF YALE APTITUDE TESTS 
WITH FRESHMAN ACHIEVEMENT IN 
ENGINEERING SUBJECTS * 


Tests 
In- I II Ill IV Vv VI 
stitu-| N 
tion Spa- 
Verbal} Art. | Quant.| tial | Math.} Mech 
Comp.|Lang.| Reas. | Vis- | Apt. | Ing 
ual. 
A 56 208 | .439 | .273 | .567| .571 | .348 
B —.041 | .150 | .376 | .182| .394 | .175 
Cc 196 112 | 012 | .161 | .347} .151 .186 
D | 201 .235 | .399 | 396] .449 | .286 
E | 293 tT .223 | .377 | .446| .358 | .301 
Composite 
A, B, D, 
and E .059 | .238 | .353 | .411] .387 | .269 


*Engineering drawing and descriptive ge- 
ometry for all institutions except Institution 
C which offered Introduction to Mechanical, 
Chemical, and Electrical Engineering as fresh- 
man subjects. Surveying for Institution A; 
Engineering Problems for Institutions B and 


t Not given. 


TABLE VIII 


CORRELATIONS OF YALE APTITUDE TESTS 
WITH AVERAGE FRESHMAN 


ACHIEVEMENT 
Tests 
In- 
stitu-| N I II Ill IV Vv VI 
tion Spa- 
Verbal] Art. | Quant.} tial | Math.) Mech. 
Comp.|}Lang. eas. | Vis-| Apt. | Ing. 
‘ ual, 
A 60 428 | .462 |-.543 | .335| .627 | .312 
B 60 276 | .429| .610 | .424| .472 | .361 
C |} 202 250 186 | .364 | .292| .271 | .247 
D | 201 332 | .486 465 275 
E | 322 * 348 | .486 | 418] .536 34 
Composite 
A, B, D, 
and E 310 | .363 | .504 | 385} .513 | .307 
* Not given. 


There are a number of possible ex- 
planations of the variations in validity 
of the tests among the codperating 
institutions. Although the results of 
the Yale Aptitude Tests were not used 
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for selection purposes during the con- 
duct of the study, each institution em- 
ployed certain admission criteria, most 
of which tended, in all probability, to 
reduce the heterogeneity of the group 
accepted by the institution. Further- 
more, the variations in curricular of- 
ferings and requirements, standards of 
achievement, and policies of elimina- 
tion contributed to these differences. 
The effect of rigorous student selec- 
tion on test validity is clearly demon- 
strated in this study. An inspection of 
Tables I and V through VIII indicates 
that Institution C has an unusual stu- 
dent population. In the first place, this 
institution employed rigorous selection 
techniques resulting in the selection of 
a large group of very able students. 
These students were particularly out- 
standing in those aspects which are 
especially important to the student en- 
gineer, i.e., mathematical and spatial 
visualizing abilities. Furthermore, this 
particular institution was engaged in 
experimental work and at the time the 
study was terminated only 1 per cent 
of the students had failed. These fac- 
tors contributed to the low test validi- 
ties presented in Tables V through 
VIII. Since this institution was atypi- 
cal in the extreme, it was not included 
in calculating the composite validities. 
There is some evidence, in certain 
instances, that it is not justifiable to 
combine the results for several insti- 
tutions, since this tends to lower the 
estimated validities of the individual 
tests. This is particularly true where 
standards of student selection and 
achievement differ markedly. If esti- 
mates of validity are to be dependable, 
however, they must be based on a 
sufficiently large sample. Correlations 
based on a sample of 60 students, as 
in the case of Institutions A and B, 
are not sufficiently reliable to inspire 
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much confidence. On the other hand, 
the validities reported for Institutions 
D and E are much more dependable as 
far as those particular institutions are 
concerned. 

The lack of uniformity i in test validi- 
ties among the participating institu- 
tions suggests that factors within an 
institution determine to a large extent 
the effectiveness of tests employed for 
selection and guidance purposes. These 
factors should be the object of further 
study on an institutional basis as well 
as a cooperative basis. The S.P.E.E. 
and E.C.P.D. Committees on Student 
Selection and Guidance are at present 
conducting studies of other approaches 
to measurement. These studies should 
throw additional light upon the effec- 
tiveness of objective tests for selecting 
and guiding engineering students. 


CONCLUSIONS 


Any conclusion with respect to the 
validities of the Yale Aptitude Tests 
as reported in this study must take 
into account the fact that grade-point 
averages were used as criteria. Con- 
sidered in this light, the data seem to 
warrant the following conclusions for 
this or similar populations of fresh- 
man engineering students: 

1. With respect to difficulty, the 
‘Yale Aptitude Tests are appropriately 
adjusted to the ability and capacities of 
pre-engineering students. The scale- 
- score system of reporting performance 
employed with these tests applies to 
beginning engineering students as well 
as freshman students in general. 

2. The intercorrelations of perform- 
ance on the Yale Aptitude Tests form 
patterns consistent with results for 
other tests which purportedly meas- 
ure the same abilities and aptitudes. 
These’ patterns suggest that mathe- 
matical ability is more highly related to 
visualizing ability than to verbal ability, 
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and that the relationship between ver. 
bal ability and visualizing ability js 
very low. 

3. The tests of verbal comprehension 
and artificial language are most valid 
for predicting success in the require 
cultural courses in the engineering cur 
riculum. These tests have relatively 
low validities for predicting success in 
scientific or engineering subjects. 

4. The spatial visualizing test is mor 
valid than any other test for predicting 
success in pre-professional engineer 
ing subjects, e.g., engineering drawing 
and descriptive drawing. 

5. The test of mechanical ingenuity 
is of relatively little value for predict 
ing success in any aspect of the fresh- 
man engineering curriculum. 

6. The tests of mathematical api-§ f 
tude and quantitative reasoning ar 
most valid for predicting freshman 
grade point average. The mathem 
tical aptitude test appears to be gen 
erally more valid than any other test 
in the battery. When scores on this 
test are properly combined with scores 
on the tests of quantitative reasoning, 
spatial visualizing, and verbal compre 
hension, the resultant validity closely 
approximates that warm by the e- 
tire battery. 

7. For purposes of predicting su: 
cess in the freshman engineering cur 
riculum, the validity of the Yale Apt- 
tude Battery normally varies from #) 
to .66. These validities compare f 
vorably with the results obtained for 
other scholastic aptitude tests. 

8. Further experimentations with 
batteries of tests designed. to predic 
success in the freshman engineeritf 
curriculum should investigate tests 0 
verbal ability, mathematical ability, ané 
spatial visualizing ability and their t 
lation to tests of other abilities né 
measured by the Yale Aptitude Bat 
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Agricultural and Mechanical College of Texas 


Course Outlines 


Aims and objectives are vital in the evaluation of subject matter and logical sequence 
for the planning of course content in Engineering Drawing as well as other subjects. These 
have again been re-emphasized in our Army Specialized Training; Engineering, Science and 
Management War Training; Navy V—12 and other emergency programs. 

Subject matter for each division or unit of a course should be thoughtfully planned and 
outlined in detail and this information made available to all teachers of a department at the 
beginning of a course. Where possible, every teacher should have a part in planning and 
outlining the material to be taught in a given subject. This familiarizes the young teachers 
with proved teaching methods and gives an opportunity to evaluate the ideas of each teacher. 
A good course outline should set forth essential information, such as, date, text assignment, 
home work problems, laboratory problems, drawing numbers, titles, required work, optional 
work, whether the work is to be done in pencil or ink, size of paper and cloths to be used, 
due date for each unit of work, values to be placed on each division of the work in deter- 
mining the term or semester grades and regular scheduled examinations. When the teacher 
has this information available it is much easier to proceed with lesson plans for each day’s 
work. 
Furthermore, all teachers in a given department are covering the same material for each 
corresponding lesson and this results in uniformity in the amount of work required and 
makes for a well correlated program. It permits the use of substitute teachers during ill- 
ness and other absences of the teacher with little or no interruption of the regular scheduled 
work. This type of program is challenging to the teacher to develop and present new ideas 
in his lecture-demonstrations which form a necessary part of any well-balanced Engineering 
Drawing course. It lends itself to working up and developing new problems for the ex- 
aminations. It is advisable to have uniform examinations for each section of a given course 
meeting each period. 

At the conclusion of each lesson if the teachers will annotate the work for that lesson it 
will be helpful in planning for the next terms work and provide a basis for revision of the 
course outline. These annotated course outlines can be discussed during departmental meet- 


ings resulting in a mutual benefit to all teachers and made available for use of the course 
outline committee in revising and bringing the course outlines up to date for the next terms 
work. A program of this kind will assist in the professional development of the entire 


teaching staff. 
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Teaching Engineering Drawing—aA Profession 


By JASPER GERARDI 


Director Engineering Drawing, University of Detroit 


At the Fiftieth Anniversary meeting of the S.P.E.E. held last June at Chicago, eight 
men were honored by the Society for their contribution to engineering education. This event 
of course, was of great interest to all but was of particular significance to teachers of engi- 
neering drawing because Professor Thomas E. French, recipient of the Lamme Award and 
Professor Frederick E. Giesecke who was awarded a certificate of charter membership in. 
the Society, have devoted a considerable amount of their life’s work to the teaching of Engi- 
neering Drawing. 

What these men have contributed to engineering education by their excellent work and 
activities is known to all. More than this, they have placed and kept engineering drawing at 
a professional standard. In honoring these men the S.P.E.E. honors the teacher of draw- 
ing and it also seems to challenge the younger men to keep this subject on the established 
high level. 

If the profession of teaching engineering drawing is to maintain its status, then muchiés 
yet to be done in the selection of teachers, course contents and proper teaching methods, 
The deficiencies which exist have only recently been exposed by the National Survey of Ep 
gineering Drawing conducted by Professor Hoelscher’s committee. (Cf.: June 1943 issu 
S.P.E.E. Journal.) This report clearly shows that approximately 53% of all classes taught 
in the country are being taught by part-time teachers and student assistants. Although a 
certain amount of this can be tolerated, this percentage must drop. If we scrutinize the re 
port more closely we find that approximately 35% of all the teachers have had a year or less 
of practical engineering experience. This situation is not critical, it does show, however, 
that there is a great deal of room for improvement. What this state of affairs will be by 
the end of the war is unpredictable, but it is certain that it will be much worse. Of cours 
very little, if anything, can be done about it during this emergency. 

As a post-war activity the S.P.E.E. and the E.C.P.D. ought not to allow these conditions 
to continue. Otherwise the result of the devoted efforts of men like Professors French and 
Giesecke to elevate the teaching of Engineering Drawing to a truly professional level will 
not endure. 
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ELTON DAVID WALKER 


Professor 


Elton David Walker, 
Emeritus of Civil Engineering, The 
Pennsylvania State College, died on 
February 24, 1944. He was born 
March 8, 1869 at Taunton, Massachu- 


setts. After attending the public 
schools of Taunton he entered the Mas- 
sachusetts Institute of Technology as 
a student of civil engineering and was 
graduated in 1890. After four years 
of engineering practice Professor 
Walker was appointed to the faculty of 
Union College. In 1900 he joined the 
faculty of The Pennsylvania State Col- 
lege with which he was connected con- 
tinuously, except for a period of a 
leave of absence for military service 
during 1917 and 1918, until June 1939 
when he retired. Professor Walker 
served successively as Assistant Pro- 
fessor and as Professor of Civil Engi- 
neering, and as head of that depart- 
ment. For many years he was an ac- 
tive and devoted member of the So- 
ciety for the Promotion of Engineering 
Education. He served as lecturer on 
the teaching of public water supplies 
at the Civil Engineering Session of the 
Summer School for Engineering Teach- 
ets. Throughout the years of his serv- 
ice as a teacher Professor Walker also 
engaged in consulting engineering 
practice, particularly in sanitary engi- 
neering, and engaged in research ac- 
tivities and the publication of articles 


and monographs related to his re- 
search undertakings. 

Professor Walker rendered military 
service of conspicuous value during the 
first World War. He went over seas 
in July 1917 as Captain in the 15th En- 
gineers. In France he was engaged in 
various lines of construction, work on 
railroads, water supply and drainage 
systems, warehouses, hospitals, bar- 
racks, and other structures. He was 
awarded the decoration of the Purple 
Heart and a citation by General Per- 
shing “for exceptionally meritorious 
and conspicuous services with the 15th 
Railway Engineers at Jonchery and 
Liffol-le-Grand.” -.Professor Walker 
continued his interest in military mat- 
ters after the close of the war, and was 
commissioned Lieutenant Colonel in 
the Engineer Section of the Officers 
Reserve Corps. 

Professor Walker was a member of 
many professional societies, including 
the American Society of Civil Engi- 
neers, the American Water Works As- 
sociation, New England Water Works 
Association, the American Association 
of University Professors, Society of 
American Military Engineers, as well 
as the Society for the Promotion of 
Engineering Education. He was a 
member of Sigma Xi, Phi Kappa Phi, 
Tau Beta Pi, and Delta Kappa Epsilon. 
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The University of Iowa is again 
offering a three-week Management 
Course from June 12 to 30, 1944. 
This course is designed primarily for 
people from industry who want com- 


prehensive training in Production 
Planning, Plant Layout, Motion and 
Time Study, Wage Incentives, and re- 
lated subjects, and combines funda- 
mental training with practical applica- 
tions. 

E.S.M.W.T. instructors as well as 
those people in industry responsible 
for reducing manufacturing costs and 
increasing production will find this 
course of especial benefit. Attention 
will also be given to procedures to be 
followed in conducting factory training 
programs in this field. 

A regular meeting of the Michigan 
College of Mining and Technology 
Branch of the S.P.E.E. was held 
March 7, 1944. Members and guests 
heard two interesting and instructive 
speeches. Guests included representa- 
tives of the College Board of Control 
and also school superintendents and 
principals. 

James Fisher, dean of the faculty 
and head of the department of mathe- 


Sections and Branches 


matics and physics, spoke on “The iim 
lation of the Engineers’ Council 
Professional Development to the Sim 
E.E.” He discussed the origin, aim 
and accomplishments of the Coumm 
and its relationship to the engineer 
societies. He paid tribute to a distim 
guished M.C.M.T. alumnus, Brigagi 
General Robert I. Rees, who beforedi 
death in 1936 had been very active 
the Council as well as in the S.P. Hi 
Dr. Fisher also discussed the functigg 
of the several committees of the B® 
P.D. ; 
G. M. Machwart of the chemical @& 
gineering department described “Him 
search Problems in Chemistry a 
Chemical Engineering at 
He outlined the purposes, scope, aim 
importance of the departmental 
search program and pointed out @ 
necessary stages leading to the esta 
lishment of new local industries. @ 
Following the ‘speeches camel 
period of questions and discussil 
The meeting then adjourned so 7 
members and guests could inspect # 
laboratories of the chemistry aim 
chemical engineering departments. 
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